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Your Ideas Are 


Worth Money 


But Like Ore in the 
Ground They Must Be 
Dug Ub and Put Into 
Such Form That They 


Can Be Practically 


Applied 


E INTRODUCE to our readers 
through the accompanying pho- 
tograph Mr. A. L. Carter, general re- 
pairman at the Westport plant of the 
Consolidated Gas, Electric Light and 
Power Company of Baltimore, Md. Mr. 
Carter is the winner of a $100 award 
for suggesting the use of Dot high- 
pressure grease guns in place of grease 
cups on ash conveyors, ash cars, stok- 
ers and coal equipment. He won the 
award because he proved that the idea 
would save the company more than 
$1,200 per year in preventing burning 
out of bearings, broken grease cups 
and removals of bearing caps to clean 
the grease grooves. He showed how 
the grease gun can be used to force 
out the small amounts of dirt that 
work into the grease groove and that 
the gun is:no more expensive than the 
ordinary grease cup. 
The system of awards set up by the 
company by which Mr. Carter is em- 
ployed was inaugurated May 1, 1922. 
Since then $3,000 have been appropri- 
ated every twelve months to be dis- 
tributed in monthly prizes of $100, $75 
and $50 for the best operating sugges- 
tions that would produce a saving of at 
least $100 per month. In the statement 
outlining the basis of the awards, Her- 
bert A. Wagner, president of the com- 
pany, said in part: 

“We know that we can do many 
things in a better way, and we look for 
and welcome suggestions from the men 
on the firing line. It is the desire of the 
management to encourage everyone in 
the organization to develop his powers 
of observation and his mental capacity 
for constructive effort, with the assur- 
ance that successful efforts will bring 
reward and advancement. The pro- 
posed awards are intended to be a con- 


stant incentive for economic sugges- 
tions and are open to any employee of 
the Company.” 

Ideas, like ore in the ground, are of 





















































little use until they are dug up and con- 
verted into a practical form. Then 
they are worth money to someone. The 
suggestion that I want to make to 
readers of this page is to dig up the 
results of your experience and the 
methods you have used to improve op- 
eration or cure troubles and send a 
brief description of the scheme to me. 
If it meets the ideas of the editors as 
a good practical suggestion you will 
be paid at the best rates that item will 
command. Some of our readers who 
are already following this plan are now 
receiving monthly checks varying from 
$2 to $50 depending upon the value of 



























the suggestion or article that is. sent 
in. From January 1, 1922, to January 
1, 1924, just two years, 238 readers of 
INDUSTRIAL ENGINEER contributed sug- 
gestions and articles. 

Here, then, is a way that you can 
cash in on your ideas and besides join 
our family of men who are getting 
down in black and white a record of 
the worth-while things they are doing. 
Let’s get acquainted and show, as Mr. 
Wagner has said, that the firing line 
is chock-full of suggestions for better 
ways of doing things. 


Groritieal CAC- 
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Works of Eastman Kodak Company 


One-twelfth of the silver bullion produced in the United States is utilized in sensitizing films. 


In addition, produc- 


tion of sensitized paper, cameras, lens, and other photographic supplies offers widely diversified manufacturing problems. 


OUGHLY, the work of the East- 
man Kodak Company, Roches- 
ter, N. Y., may be divided into two 
general subdivisions: The produc- 
tion of kodaks and cameras, and, of 
the film and printing paper to use 
with them. The first calls for a 
variety of manufacturing and as- 
sembly processes using chiefly alum- 
inum, brass, steel, leather and wood. 
The manufacture of film and sensi- 
tized paper is a chemical process 
with a high fire hazard. As the qual- 
ity of the product must be assured, 
many of the raw chemicals used are 
also produced. 

A refrigeration plant with a total 
daily capacity of 4,350 tons—suffi- 
cient for a city of 200,000 people— 
and a private water supply system 
of twelve million gallons daily capa- 
city, connected directly with Lake 
Ontario, six miles away, further sug- 
gest the scale of manufacture of this 
great photographic industry. 

Power and light for Kodak Park 
are furnished by three turbine- and 
three engine-driven electric gener- 
ators with a total capacity of 7,000 
kw., or nearly 10,000 hp. Another 
4,000 hp. is furnished by the 
Rochester Gas & Electric Corp. Ap- 
proximately 4,300 motors are re- 
quired to operate the machinery in 








Plant and offices of the Eastman 
Company in 1890. 


This factory building was used by the 
predecessor of the present Eastman 
Kodak Company a year or two after the 
kodak was invented. The first kodaks 
were loaded at the factory with film 
for 100 pictures; after making the ex- 
posures the amateur returned all to the 
Eastman Company to have the pictures 
developed and the kodak reloaded with 
a roll of paper film. In this way, the 
slogan, ‘You press the button, we do the 
rest,” originated. 





the buildings and 40,000 electric 
lights are required to light them. 
Steam is supplied from two power 
houses, which are approximately a 
mile apart and use about 500 tons 
of coal a day. High-pressure steam 
is carried this distance through an 
especially-designed 12-in. pipe line. 


The first portrait made in Amer- 
ica, in 1840, took six minutes to ex- 
pose in strong sunlight, with the 
face of the subject thickly powdered 
to facilitate exposure. Today the 
same picture could be made in 
1/1500 second. 

When George Eastman in 1878 
became interested in amateur pho- 
tography, the outdoor equipment 
consisted of a load of paraphernalia, 
which included a bulky view camera, 
heavy tripod, glass plates, dark tent 
for loading, unloading, sensitizing 
and developing the plates, nitrate 
bath and water carrier. The techni- 
cal requirements were high also. 

_These were the collodion or “wet 
plate” days of the craft. Dry plates 








Kodak Park Works is the. largest 
of the four Rochester plants of the 
Eastman Kodak Company. 


This plant covers about 230 acres and 
contains 119 buildings, with a floor 
space of over eighty acres. The prin- 
cipal products of this plant are: mo- 
tion picture, kodak and portrait films, 
upwards of 150 brands of photographic 
paper, dry plates, chemicals, devel- 
opers and other photographic equip- 
ment. In the preparation of these ma- 
terials factories are maintained for the 
manufacture of raw paper, gelatin, 
acids, and many minor items. This 
plant has a capacity of about one hun- 
dred million feet of motion picture 
film each month, or approximately 225,- 
000 miles per year. This plant main- 
tains its own fire department with 150 
trained men, and a large amount of 
equipment. 
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which Eastman brought out in 1880, 
scrapped a large portion of the load 
and made results less dependent on 
skill; But plates, whether wet or 
dry, are heavy and breakable and 
the inventor continued along the 
path of simplification with the roll- 
able-film idea always in mind. In 
1885 a roll-film of coated paper, to 
which the sensitized emulsion was 
affixed, was realized and a roll 
holder adapted it to the ordinary 
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The entrance to Kodak Park and a 
room in the research laboratory. 


About eighteen of the 230 acres in 
Kodak Park are laid out with trees, 
shrubs and lawn. In addition, the 
workers have recreation and athletic 
fields with tennis courts, baseball dia- 
monds, football grounds and a cinder 
track. A modern three-story building 
is erected solely for the use of the 
workers with separate dining halls for 
men and women, rest and smoking 
rooms, and a large assembly hall for 
dancing, musical programs, concerts, 
basketball and indoor baseball. The 
quality of the chemical materials used 
in photographic products is maintained 
by a staff of 120 chemists, physicists 
and photographic experts. 


pf 
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Four steps in the manufacture of 
photographic film. 


The base of film is a cellulose product 
made by nitrating cotton. After wash- 
ing and drying, the cotton is treated 
with a mixture of nitric and sulphuric 
acids. The excess acid is removed in 
the centrifugal machines (upper left). 
This nitrated cotton is mixed with the 
solvents, of which alcohol is the prin- 


cipal ingredient, until it is a thick mix- - 


ture. At the coating machine (left) 
it is made into sheets 2,000 ft. long and 
31%, ft. wide, which, when dry, become 
the familiar transparent thin film back- 
ing upon which is spread (right), the 
sensitive coating of salts of silver. The 
pure silver bullion is first dissolved in 
nitric acid to form silver nitrate (above 
at right), evaporated to crystals and 
later mixed with potassium bromide 
and gelatin, dissolved in hot water into 
an emulsion which is spread over the 
film (at right). The film is then slitted 
and wrapped on spools or cartridges. 


view cameras in use. From this 
combination a new type of camera 
altogether was devised for which 
the inventor coined the name “ko- 
dak.” This was a simple, portable, 
easily manipulated box camera that 
took round pictures 24% in. in dia- 
meter, and was loaded at the factory 
with rollable film for 100 exposures. 
When the exposures were made the 
kodak and film were returned to the 
factory (Continued on page 258) 
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THIS IS THE THIRD of a 
series of articles on bearings 
of the sleeve, roller and ball 
designs, that give the ad- 
vantages of each compared 
with the others from the 
standpoint of meeting the 
wide range of service condi- 
tions in industrial work. 
This article describes the ap- 
plication of ball bearings to 
a drive subjected to the sand, 
dirt and severe duty typical 
of a foundry. INpbuSrRIAL 
ENGINEER invites users and 
manufacturers to contribute 
their comments on the infor- 
mation presented in this 
series. Comments relating to 
improvements in bearing 
service that actual operation 
has shown, are particularly 
invited.—Eprrors. 


How Bearing Troubles 
Were Corrected by 


Changing Housings 
To Use Ball Bearings 


And Frequent Inspections and Replacements of 
Former Bearing Sleeves, End Bells, Shafts and 
Resulting Repairs Were Prevented. 


By ROBERT W. DRAKE 


Electrical Engineer, McCormick Works, 
International Harvester Company, 


Chicago, Ill. 


FTENTIMES something 
O more than the application of 
ball or roller bearings is re- 

quired to correct a troublesome bear- 
ing situation. This article describes 
the application of ball bearings to a 
heavy-duty drive subjected to an un- 
balanced load and to an atmosphere 
filled with sand, and relates the 
methods used to make a sand-tight 
bearing housing. The same methods 


could be used on any bearing sub- 
jected to excessive dirt or which 
must perform in an atmosphere filled 
with abrasive material such as ce- 
ment, sand, coal or emery dust. 
During the war, several molding 
machines of an entirely new type 
were installed at the plant with 
which I am connected. As produc- 
ers of molds they were a great suc- 
cess, but the maintenance of the 
driving end was quite a problem. 
The machines were served by an 
overhead sand conveyor system. 
One 2-hp. motor fed the tempered 
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Dust-proof housings and ball bear- 
ings are used on this motor. 


The motor drives a member which is 
approximately balanced when new 
but is rapidly worn by the action of 
the sand passing through it so that 
replacement of it is necessary once 
or twice per shift. Before replace- 
ment this member becomes tremend- 
ously out of balance and the vibra- 
tion from it is transmitted to the 
bearings of the motor direct con- 
nected to it. Before ball bearings 
were used in this motor, the sleeve 
bearings averaged six-week’s life but 
many failed to stand up six days. 
They failed by pounding loose in the 
end bells. . The cylindrical object above 
the motor is the control switch. 





sand to the machine, a 1-hp. motor 
riddled the sand and fed it through 
the molding machine, while a third 
motor of 3-hp. capacity operated the 
molding mechanism. The motors 
originally furnished with these ma- 
chines were standard, constant- 
speed, induction motors of competi- 
tive grade. 


DRIVE OPERATES UNDER UNUSUALLY 
SEVERE CONDITIONS 


The operating conditions were un- 
usually severe. The whole machine 
was subjected to a faint “drizzle” of 
falling sand. The 2-hp. motor oper- 
ated a crank mechanism, which re- 
quired a varying torque, ranging 
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from zero to approximately 175% of 
full load every two or three seconds. 
So heavy was the load that a stand- 
ard motor would not start at the 
point of maximum torque and a mo- 
tor with a high-resistance rotor was 
necessary. The 3-hp. motor was di- 
rect connected to a member revolv- 
ing at 1200 r.p.m., which was ap- 
proximately balanced when new, but 
was rapidly worn by the action of 
the molding sand which passed 
through it, so that replacement of 
the part constituting the wearing 
surface was necessary once or even 
twice per shift. Before replace- 
ment, this revolving member was 
tremendously out of balance due to 
wear. The consequent vibration 
was transmitted back to the direct- 
connected motor, giving a service 
comparable to that experienced with 
a steel pinion of coarse pitch and 
few teeth, which is operated with a 
very badly worn gear. 
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The motor bearings as furnished 
were die-cast sleeves. These sleeves 
averaged six-weeks’ life but many 
failed to stand up six days and some 
lasted scarcely as many hours. They 
commonly failed by pounding loose 
in the heads, or end bells, rather 
than by wear. The end bells also 
wore rapidly as soon as the bearings 
became loose. The average life of 
end bells was less than one year. 
Shafts wore out in a few months. 





Stuffing boxes on this ball-bearing 
housing make it dirt and grit tight. 


The bearing housing in which is placed 
the ball bearing, is split into two parts 
which are held together by the bolts, 
M. This housing is fastened to the end 
bell or head, Det. 12, by the bolts, L. 
The end bell is fastened to the stator 
frame by the bolts, O. The bolts, N, 
tighten the gland, Det. 7, in the stuffing 
box. When the rotors are changed the 
bearing housing is not opened but is 
changed with the rotor. When chang- 
ing rotors, the end bells are removed 
by taking out the bolts, O and L. The 
rotor complete with bearings enclosed 
in their housings is then removed as a 
unit. Any repairs that may be re- 
quired for the bearings, are made in 
the electrical repair shop. 
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The time of one competent motor in- 
spector was required for thirteen 
machines (thirty-nine motors) and 
he worked ten or fifteen hours per 
week overtime (frequently with one 
or two assistants) replacing bear- 
ings, changing motors and rotors 
and carrying out other repairs 
which could not be made while the 
machines were in operation.. How 
much time was spent by machinists 
making parts, pressing in new 
shafts and doing other repair work 
for these motors, I do not remember. 


BALL BEARINGS SELECTED FOR THE 
APPLICATION 

Clearly here was an application 
which called for a super-motor, a de- 
sign having ruggedness as far 
superior to the ordinary, constant- 
speed a.c. motor, as the best mill- 
type d.c. motor is superior to the 
ordinary type of d.c. crane motor. 
If a reliable motor could be ob- 
tained, the saving in repairs would 











































































I. Assembly of Rotor—to Be Done 
by Toolroom. 


A. Assemble Det. 2, 4 and 5 on 
shaft. Assembly dimensions must 
be within 144”. 


II. Assembly of Bearings—to Be 
Done in Electrf€al Shop. 
A. ——" of Coupling-End Bear- 
ng. 


1. Check all dimensions as per 
drawing. 

2, Assemble _ stuffing gland, 
tighten gland bolts with fin- 
gers and lock with washers, 
as shown in small sketch in 
upper center of drawing. Hole 
in washer must be neat fit for 
bolt. Soak felt in cylinder oil 
before assembly. 

3. Assemble inside half of bearing 
housing, Det. 7-10. Care being 
taken that felt packing is in 


place. 

Heat bearing to 170 degrees 
F. in an oil bath. Slip the 
bearing into place and strike 
lightly with a pipe slightly 
larger than the shaft. 
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Directions for the Assembly of Ball Bearings in Dust-Proof Housing 


4. Press short bushing, Det. 3, 
into place. Pack bearing with 
vaseline then put outside 
stuffing box, Det. 9, and gland, 
Det. 7, into place. 

B. Assembly of Front-End Bearing. 

1. Proceed as in 2 above. 

2. Put filler washer into place, 
Det. 8 Then slip bearing 
into place cold. 

3. Put washer, Det. 6, into place 
and tighten nut on shaft firmly. 
Pack with vaseline as above. 

4. Put head, C, on coupling end 
of motor and put cap screws 
in place. 

5. Slip rotor and bearings as- 
sembled, into place from front 
end of motor. 

6. Put motor head, F, on front 
end and tighten cap screws. 

7. Put on front end cap and test 
rotor forend play. This should 
be %4e” + He”. If it is more 
or less than this, the motor 
must be run with the front 
end cap removed, and careful 
measurements taken to see 
whether the filler ring, Det. 8, 


is the proper thickness and 
whether a washer is needed 
under the cap or something 
must be turned off the end 
cap. The rotor should float 
without rubbing on the filler 
ring. 

8. When end play of rotor is 
correct, drill shaft nut and 
shaft for a %-in. cotter pin. 
The eye of the pin must be 
hammered down flat and_ the 
bent end cut off short to keep 
the pin from rubbing on cap. 

9. Gage air gaps on each quar- 
ter of motor and rotate heads 
to bring largest gap at bot- 
tom of motor when installed 
in place. 
When necessary to change 
bearings or rotor, take out 
cap screws that hold the stuff- 
ing box to the head on front 
end and coupling end of mo- 
tor. Then take out cap screws 
that hold head, F, on front end 
of motor. The rotor and bear- 
ings can then be taken out 
the front end and new parts 
put in place. 


10. 
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quickly repay any cost, reasonable or 


unreasonable. The saving in idle 
time and manufacturing delays 
would be greater still. 

A year was spent in gathering 
data on repair costs, to convince the 
powers who hold the purse strings 
that a considerable expenditure was 
warranted; in various experiments 
with bronze bearings; in a vain ef- 
fort to find a bearing material which 
would give a reasonable life; and 
finally in a canvass of available com- 
mercial motors in the hope that some 
make of squirrel-cage induction mo- 
tor could be found which would give 
a reasonable degree of reliability on 
this application. 

We finally decided that no type of 
sleeve bearing with special dust pro- 
tection would give the degree of re- 
liability which we sought. We turned 
to ball-bearing or roller-bearing mo- 
tors as a last resort. Certain re- 
quirements of the service convinced 
us that no commercial make of ball- 
or roller-bearing motor then avail- 
able would do, ‘and we were forced 
to the conclusion that we must de- 
sign the mechanical features of the 
required motor ourselves. 

The nearest similar service of 
which we could learn was the d.-c. 
axle-driven, lighting generator used 
under Pullman cars. These gener- 
ators must operate under the cars 
for several days at a time without 
attention or repairs. They are sub- 
jected to a veritable bombardment 
of cinders, dust and grit sucked up 
by high-speed trains. Maintenance 
of bearings and shafts is almost as 
much of a problem as in our appli- 
cation, except that hammering due 
to unbalance is not the rule. We 


learned that Mr. Ernest Wanamaker, 
Electrical Engineer, The Rock Island 
Lines, had attacked this problem by 
a design using oversize ball bear- 


ings, packed in grease and with spe- 
cial protection against the entry of 
dust. After several years of experi- 
menting, he had evolved a design 
which was remarkably reliable. We 
turned to him for advice and de- 
signed an experimental motor based 
on his experience. It stood up ad- 
mirably, but it was lacking in sev- 
eral particulars necessary for our 
service and it was also hard to dis- 
mantle and repair. We then evolved 
a design in the light of this experi- 
ence which has proved very satisfac- 





Bearing housing for the coupling 
end of the motor. 

Det. 2 is a renewable sleeve which is a 
light driving fit on the motor shaft. 
The inner race of the ball bearing fits 
over this sleeve and the outer race of 
the ball bearing slips inside of Det. 10 
at P. Det. 10 is half of the bearing 
housing which is held to the other half, 
Det. 9, by bolts at M. Both ends of 
the housing are sealed at the shaft by 
means of stuffing boxes, of which F is 
the packing and Det. 7 are the glands. 
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This motor is subjected to a faint 
“drizzle” of falling sand from the 
sand conveyor overhead. 


It operates a crank mechanism which 
requires a torque varying from zero 
to 175 per cent every two or three 
seconds. Due to the sand and the 
heavy load, bearing replacements 
were frequent until ball bearings en- 
closed in the dust-proof housing de- 
scribed in this article were used. 





tory. With twenty-six of these mo- 
tors in service for an average of one 
year each, we have been called upon 
to make only one bearing repair. 


FEATURES WHICH PREVENT DUST 
FROM ENTERING BEARING 


I will describe the main points of 
the bearing and explain the reason 
for each and the results accom- 
plished. We used the stators of the 
original competitive-grade motor, as 
we had experienced very little stator 
trouble, except that due to bearing 
failures and consequent rubbing of 
the rotor on the stator. As our ma- 
chines were built to fit these stators, 
we realized that we must either re- 
place complete motors whenever 
trouble occurred or evolve a design 
which would allow the replacement 
of rotors without opening up the 
parts enclosing the ball bearings, 
for the drizzle of sand would surely 
get into the ball-bearing chamber if 
this chamber were opened in the 
foundry. This was accomplished as 
shown in the illustration on page 
217. The ball bearing is enclosed in 
a split housing, which is sealed tight 
at the shaft by means of stuffing 
boxes. This housing is bolted to the 
head of the motor. On page 218 is 
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shown a cross section of the bearing 
at the coupling end of the motor. 
Det. 9 and Det. 10 show the halves of 
the housing. Each half is equipped 
with a stuffing box and gland, Det. 7. 
Since it was thought that the felt 
packing at E in the stuffing box 
would cause rather rapid wear of the 
shaft, the renewable sleeves, Det. 2 
and 3, were pressed on the shaft to 
provide for wear. The inner race of 
the ball bearing fits tight on the 
sleeve, Det. 2, and the outer race is 
a “sucking fit” inside of the half 
housing, Det. 10 at P. This allows 
the outer race to revolve slowly, thus 
distributing the wear on the inside 
of the race. 

There are several features of par- 
ticular interest concerning the stuff- 
ing boxes and the renewable sleeves. 
The sleeve, Det. 3, has a groove at 
H to facilitate the removal of the 
sleeve. The grooves, R, in the stuff- 
ing box are intended to catch the 
grease working out around the shaft 
and return it to the bearing through 
a hole at the bottom of the groove. 
The grooves, S, are intended to catch 
dirt that might work in through the 
packing. 

The end bells or heads, C, and F, 
may be removed, after which the ro- 
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tor, complete with ball bearings and 
with bearing-enclosing housing un- 
disturbed, may be replaced. All 
parts are interchangeable and a com- 
plete spare rotor with ball bearings 
and enclosing housing may be sub- 
stituted with the assurance that it 
will fit. The defective rotor assem- 
bly may be taken to a clean place in 
the shop and disassembled. 


BEARINGS WILL TAKE END THRUST 
FROM DRIVING ON COUPLING 





The motor is connected to the 
driven machine by a coupling. This 
coupling must be tight or it will 
work loose and wear the shaft. This 
means drive the coupling and drive 
it hard. We wished to avoid the com- 





The front-end bearing is arranged 
to take the end thrust from driving 
on couplings or pinions. 
Det. 4 is a renewable sleeve over which 
is slipped the inner race of the ball 
bearing. The outer race is a slip fit in 
the housing half, Det. 10. The inner 
race is clamped on the renewable 
sleeve, Det. 4, by means of the washer, 
Det. 6, and the nut screwed on the end 
of the shaft. The end thrust on the 
shaft is taken at D, between the 
washer, Det. 6, and the other half 
housing Det. 11, which is bolted to 
7 10. There is 0.005 in. clearance at 
between Det. 6 and Det. 11. The 
Ben bearings will “give” axially 0.005 
in. without injury, hence the end thrust 
caused by driving on a pinion or coup- 
ling will be transmitted from the shaft 
to the bearing housing. 
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plication of an additional thrust 
bearing to take this sledging. The 
illustration on this page shows how 
it was accomplished. Det. 4 is a 
renewable sleeve which is a light 
driving fit on the shaft, the same as 
Det. 2 on the other bearing shown 
on page 218. The inner race fits 
over Det. 4 and the outer race fits 
into Det. 10, which is similar to the 
half housing used on the bearing on 
the coupling end. The inner race is 
clamped by means of the nut and 
washer on the motor shaft. End 
thrust is taken at D between the 
washer, Det. 6, and the bearing cap, 
Det. 11. There is commonly 0.005 in. 
clearance at D. The ball bearing 
will give 0.005 in. without injury. 
Thus the force of the blow is taken 
by the bearing cap, Det. 11. 

The bearings are run in pure re- 
fined vaseline or petrolatum. We do 
not use oil, for the motors are ordi- 
narily thickly covered with sand. 
We wish to remove the oil filling 
plugs as seldom as possible. Packed 
in vaseline they will run for a year. 
Several of these motors have been 
running for three years without a 
change of grease. A few have been 
examined but were found well 
greased. No grease will be given 
these bearings until the need for it 
has made itself evident. 

Judging from Mr. Wanamaker’s 
development work, one necessity for 
reliable operation under grit condi- 
tions in severe service is very ample 
size of bearings. We are using on 
our 3-hp., 1200-r.p.m. motor, a 
standard, heavy-duty type bearing 
which, according to manufacturer’s 
data, is suitable for a motor of about 
50 hp. On our 2-hp. design we were 
forced to a proportionately smaller 
size of bearing by space considera- 
tions. These bearings are far above 
the manufacturer’s recommenda- 
tions as to size. They have stood up 
admirably but they are not subject 
to such severe abuse as are those on 
the 3-hp. motors. 

There is at present a widespread 
interest in ball-bearing motors for 
general service and special applica- 
tions. It is hoped that this brief de- 
scription may offer interesting sug- 
gestions. and a basis for further 
improvement by others. About forty 
motors of this general type have 
been operated under exceedingly se- 
vere conditions on the previously de- 
scribed molding machines and on di- 
rect gear drives with metal pinions. 
The results have been beyond our 
hopes. (Continued on page 257) 











Some Spots and Places 


NGI 


Where Wiring Can Be Im- 
proved Around Machines 


With Do’s and Don’ts That You May Know About 
Arranged to Save You Time When Breaking in New 
Men and Helping Them to Understand Why You 
May Be so Fussy About Doing a Good Job 


HAVE SEEN a lot of bum wir- 
] ing and I have seen still more 

that was fairly good, but in the 
course of the last few years from my 
visits to many different kinds of 
plants I have come to realize just 
how good and just how badly a wir- 
ing job can be done. I have always 
maintained that a job of wiring can 
not be done too well. But it was not 
until one of my friends showed me 
his prize installation that I fully 
comprehended the dollars-and-cents 


Suggestions by 


CQrodeeal GAC 


value of a really good wiring job. 


In one room of his factory in 
which power for twenty operators is 
furnished by one motor, $100 cov- 
ered the cost of the drive installa- 
tion, including foundation, conduit, 
wire, wiring supplies and labor. The 
wages of the twenty operators de- 
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This is a “regular” job. There are two 
wound-rotor induction motors driving this 
bending roll which is located in a boiler 
shop. Notice the box the electrician has 
built around the terminal leads of the 
motor. The two enclosures with small 
holes punched in the sides are steel boxes 
enclosing the resistors. Possibly it would 
have been better to use grille-work in- 
stead but, providing the resistors do not 
overheat in these enclosures, it will be 
found that the sheet metal gives more pro- 
tection to the resistors than the grille- 
work would. To the left of each box are 
the drum controllers and above the drum 
controllers are the safety switches for each 
motor. The conduit work is very good— 
notice how the wireman has used elbows 
where he was not crowded for room be- 
neath the resistors; and look at the nipples 
connecting the drum controllers with their 
respective resistor boxes. The conduit is 
not conspicuously located and is placed so 
that it is well protected. The condulets 
at the left-hand safety switch and at the 
motor terminal box give the job a neat 
appearance. Rear-cover condulets were 
used so that wires could be easily pulled, 
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pending on this single motor drive 
amount to $10 per hour. Any refine- 
ment or improvement in this instal- 
lation that will prevent three twenty- 
minute shutdowns per year will, 
therefore, result in a saving of $10 
worth of labor that would be other- 
wise lost. Twenty per cent is a 
fairly good return on an investment 
and a safe figure to use in determin- 
ing how much money could be spent 
to prevent a one-hour shutdown per 
year on this motor. At 20 per cent, 
$50 will yield $10 a year. Conse- 
quently, an additional initial invest- 
ment of $50 on this installation is 
justified if it saves only one hour of 
delay a year. Since the wiring and 
installation cost for this motor 
amounted to $100, an increase of 50 
per cent of the actual wiring and 
installation cost would be justified 
if it saved the $10 per year in lost 
labor time. The point I am trying to 
get over is that it pays good divi- 
dends to install wiring and equip- 
ment in a substantial manner. 

There are several important fac- 
tors that determine the location and 
installation layout of wiring, con- 
duit, motor and control equipment. 
These are: 

(1) Safety 

(2) Continuity of operation 

(3) Convenience of operation 

(4) Ease of construction 

(5). Cost 


SAFETY Is First CONSIDERATION OF 
ANY INSTALLATION 


If the installation layout that is 
being considered is unsafe, or likely 
to cause an occasional accident, it 
should at once be discarded. Even 
a considerable increase in machine 
output or lower installation costs, are 
unprofitable and expensive if the in- 
stallation is a hazard to life, or ma- 
chines or increases fire risk. 

What, then, is a safe installation? 
First and foremost all “live” parts 
should either be enclosed or guarded 
by screens or grille-work. This in- 
cludes switches, starting boxes, con- 





The installation shown at the left 
is not so bad, but you and I can see 
lots of ways that it could be im- 
proved. 


For instance, that open knife switch 
(1) is in a very poor location. The 
switch ought to be placea so that 
the operator could reach it from the 
other side of the machine when he 
stands at his work. And besides, it 
ought to be an enclosed switch. Con- 
trast this with the conveniently lo- 
cated push button (1) in the right 
._ hand illustration. I don’t like the 
- conspicuously located, unprotected 
conduit (2) which runs up to the 
ceiling. Compare that with (2) in 
the right hand picture. What do you 
think of the comparison between the 
two installations at (3), (4) and (5)? 
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ONCE IN A WHILE a young 
fellow gets the idea that his 
boss is an old fogey and par- 
ticular far beyond any prac- 
tical necessity. But after a 
few years of experience, 
when he gets in a boss’s boots 
he forgets that at one time he 
did not know it all and some- 
times bears down a little 
hard on his men when their 
work is not just up to the 
standard that he knows it 
might be. 

Because I used to be one 
of those young fellows and 
later was a boss, I have tried 
in this article to point out 
the things that make a wiring 
job good and give the rea- 
sons therefor. If you are a 
boss pass this article around 
among your men. If you are 
not yet a boss, but expect 
some day to be one and want 
more information on any of 
the points discussed, just 
drop me a line and I'll try 
to give you what you want. 

This article will be fol- 
lowed by another with plenty 
of pictures of good and bad 
wiring jobs, so that you can 
check up your own work and 
sort of make a mental exam- 
ination of how good or bad 
it may be. 




















trol panels, field rheostats, resistors 
and other control equipment. The 
operator should be free to concen- 
trate his entire attention on his job 
and should not be required to re- 
member that this or that part is 
“hot” and he must not get too close 
to it nor touch it. The installation 
should be made so that it is impos- 
sible for the operator to touch a live 
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part. Enclosed safety switches are 
now available at small cost that 
eliminate the dangers of open knife 
switches. Starting boxes and field 
rheostats are arranged with a cover 
over the buttons and an operating 
arm outside of the case. Resistors 
are provided with iron grille-work 
covers. Control panels can be cov- 
ered with grille-work, or better yet, 
enclosed in a sheet-iron case. 

One plant that I know of encloses 
all control panels in sheet-iron cabi- 
nets which are padlocked and only 
the electrical maintenance men have 
the key. This same key fits the 
padlock on the safety switches and 
also the lighting distribution cabi- 
nets, and any other boxes or enclo- 
sures to which only maintenance 
men should have access. In another 
plant, in which a great many control 
panels are used, the panels, resistors 
and distributing buses are located in 
a control room, to which only elec- 
trical maintenance men have access. 

In this same plant since the mo- 
tors may be at a distance from, or 
out of sight of, the control panel or 
master switch, a safety switch is 
mounted on the railing inclosing the 
motor. This safety switch discon- 
nects the motor from the wires lead- 
ing back to the control panel. Con- 
sequently, when motors are being 
changed or when repair work is 
being done on the motor or machine 
driven by the motor, the safety 
switch is opened and locked open by 
a padlock carried by the repairman. 
This prevents any danger of shock 
or the possibility of someone start- 
ing the drive. 

It is hardly necessary to say that 
all moving parts should have some 
kind of enclosure or protection. 
Belts, gears, couplings, shaft ends 
and the like should either be en- 
closed or otherwise guarded. 
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Do you like to see exposed 
knife switches near the floor, 
as at (1) in illustration (A)? 
I don’t like to see them any- 
where. 


Compare (1) in A and in C with 
the push button starter shown 
at (1) in illustration B. Most 
of us prefer flexible and rigid 
conduit to the use of loom as 
shown at (2) in C. Contrast 
this with (2) in B. Don’t you 
think that the _ inclosed-type 
starter (3) in B is much better 
than the exposed type (3) in 
A and @C? 


* * * 


The installation shown in 
illustration (D) is one that I 
like to look at. Take a look 
at the safetw switch (1) and 
compare it with (1) shown in 
illustration (E). 


Compare the two installations 
at (2) and (3). Of course, the 
job shown in D has an auto- 
matic starter (3) which is 
easier to inclose, while the one 
in FE has a hand starter; still a 
metal cover might have been 
put over the exposed starter 
with a slit for the starting 
handle to project through. Or 
fully-inclosed hand starters 
might have been used. Notice 
the convenient location of the 
push button (4) in D and also 
the use of flexible conduit (2) 
between the wall and the swing- 
ing motor frame. 


* * * 


I’m willing to admit that 
there are lots of ways to do 
wiring, but I am sure that 
the job shown at (F) is not 
one of them. 


Lamp cord may have a great 
variety of uses but I believe an 
installation like that shown in 
G has any “lamp-cord” outfit 
beat. Notice the convenient lo- 
cation of the push button in the 
job shown in G, the inclosed 
control panel, the neat use of 
the condulets, how the conduit 
is protected by being clamped 
close to the column, and the use 
of the flexible conduit and mo- 
tor condulet. Here again is a 
case where a minimum amount 
of conduit and wire are used in 
an installation. 
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The units of the equipment should 
be located so that the operator will 
not fall over them, or bump into 
them when doing his regular work. 
A field rheostat should be located 
convenient for the operator to reach; 
still it should not be in a position 
where it will hamper his movements 
or where there is any possibility of 
his work hitting it and causing a 
motor runaway. It may seem unnec- 
essary to say such simple things; 
yet I have seen many cases of con- 
duit running along the floor for a 
man to trip over, of controllers lo- 
cated near the aisles or in a rather 
exposed position where they might 
be hit by material being moved from 
one job to another, and of field rheo- 
stats placed where a man has to 
dodge around them every time he 
leaves his machine. 

Another important safety feature 
is the provision for stopping a ma- 
chine, especially in an emergency. 
This may be quite simple or com- 
‘plex, depending upon how quickly 
the machine must be stopped. In 
many cases a switch or device for 
disconnecting the motor is all that is 
required. In others, this means can 
be combined with a dynamic brake 
to shorten the time of stopping. 
Often these two methods are used 
with a shoe or band brake. The 
scheme used should be able to han- 
dle emergency as well as ordinary 
operating conditions and be positive 
and-reliable. The point of control 
should be so placed that the oper- 
ator can quickly reach it in an emer- 
gency. The best way to go about 








Here is another “temporary” job 
that became permanent. 


Doesn’t it make you mad when the 
boss asks you to make a temporary 
installation and then forgets that 
it was to be temporary? Temporary 
work is not a great deal cheaper 
than a permanent installation and it 
eventually costs a great, deal more 
if the temporary job is permitted to 
remain a8 the permanent installation. 
The contrast between these two pic- 
tures ought to convince anyone of 
the error of a temporary installation. 
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With a motor condulet like this no 
one can very well complain about 
the inconvenience of removing it 
in an emergency. 

Remove three nuts and the entire 
condulet comes off leaving the motor 


just as though there never had been 
a condulet there. 





determining the location of the stop 
button is to imagine the various con- 
ditions that would require emer- 
gency stopping of the machine and 
then locate the button so that the 
operator can reach it under each of 
these conditions. 

Another safety feature that 
should not be forgotten is the 
grounding of the conduit system, 
switchboard framework and motor 
frames. The conduit system should 
be grounded at a point as near the 
source of supply as possible. The 
motor frame may then be bonded to 
the conduit system. This furnishes 
the ground for the motor. 


CONTINUITY OF OPERATION SHOULD 
BE MAINTAINED 


The second important factor gov- 
erning the installation of apparatus 
is continuity of operation or relia- 
bility. Lack of careful considera- 
tion of this factor shows up directly 
in production delays. 


In selecting 
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the location for a motor, provision 
should be made to protect it from 
moisture, escaping steam, dripping 
pipes, oil, acid, alkali, chlorine and 
other gases, dust, lint and other in- 
jurious substances. In many cases, 
such as some machine tools, cranes 
and the like, this question has al- 
ready been decided by the builder 
and a base plate has been provided. 
If the machine must be located 
where it is subjected to an injuri- 
ous atmosphere or dirt, the motor 
must be protected either by espe- 
cially-treated windings, enclosures, 
or a totally-enclosed motor such as a 
mill-type motor may be used. 

The motor should be placed on a 
firm foundation. A steel bed plate 
or framework, or a concrete founda- 
tion are best. Such a foundation 
and proper alignment of the motor 
with gear or coupling will go a long 
way towards eliminating vibration 
and resulting troubles that have 
small beginnings but may grow into 
serious proportions with natural 
wear and tear. 

Control panels, resistors and auto- 
starters should be located in as clean 
a place as possible and should not 
be subjected to moisture, escaping 
steam, dripping pipes, oil, acid, al- 
kali, chlorine or other injurious sub- 
stances. Usually control apparatus 
can be located so as to be free from 
such influences and if not it can be 
enclosed and full protection pro- 
vided. Resistors, however, must not 
be enclosed except with grille-work 
or a ventilated enclosure so that the 
heat may readily radiate. Resistors 
should not be wired with rubber-cov- 
ered wire. The heat from the re- 
sistors soon melts the rubber and 
gives the job a very messy appear- 
ance and the insulating value is then 
destroyed. Flame-proof or asbestos 
wire should be used. In some of the: 
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plants I have visited I noticed that 
they used bare trolley wire for the 
resistor wires. These are stiff 
enough to support themselves with- 
out insulators and naturally air in- 
sulation around a wire is about as 
good as could be desired. On larger 
installations I have seen small bus- 
bar used similarly. These bare leads 
can only be used when the resistors 
and control panel are adjacent to 
each other and the enclosures of the 
panel and resistors can be extended 
to protect the bare conductors. 
Where the resistor is not adjacent to 
the panel it is necessary to use con- 
duit and asbestos-covered or flame- 
proof wire. 

It goes without saying that the 
wiring should be protected at all 
points. There is only one sure way 
of doing this and that is by the use 
of metal conduit. All wiring in an 
industrial plant should, therefore, 
be run in either rigid or flexible me- 
tallic conduit, depending on the con- 
ditions of installation. The conduit 
should be continuous from outlet to 
outlet, or from fitting to fitting, and 
should be mechanically connected at 
each fitting. In other words, start- 
ing from the distribution cabinet 
the conduit should be attached 
thereto and if it goes to a pull box 
it should be attached to it rigidly by 
means of lock nuts. It should be 
fastened similarly at the enclosing 
cabinet surrounding the _ control 
panel. It is usually found best to 
end the rigid conduit running to the 
motor at a point on the wall, ceiling 
or floor, as the case may be, and run 
the final few feet to the motor con- 
dulet in flexible metallic conduit. 
This conduit can be moved out of 
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the way when changing the motors. 

This brings up another essential 
feature, which I consider very im- 
portant—the motor condulet. It is 
quite customary to see a good con- 
duit installation up to within a foot 
of the motor, the final foot or so 
being run in exposed wiring with 
clumsy taped joints at the motor ter- 
minals. Now since this is the point 
at which a lot of dirt and grease col- 
lects and the wires are often moved 
whenever an inspection is made, I 
think that this point in the wiring 
should receive a lot more protection 
than it usually gets. Many mainte- 
nance men advance the argument 
that a condulet fitting on the motor 
at the point where the terminals are 
brought out, causes trouble and 
takes up too much time in discon- 
necting and reconnecting a motor 
when a change is being made. I 
maintain that a careful inspection of 
the condulet shown on page 223 will 





The installation on the left worked, 
but I wonder how long it continued 
without trouble? 


This installation may have run a 
long time but don’t you think it 
would have carried much more credit 
for the man who put it in if it had 
been as good as the one shown at 
the right? Take a look at the open 
knife switch of one and the safety 
switch of the other; at the open wir- 
ing and the conduit work; at the un- 
sightly wood “bulletin board” cov- 
ered with asbestos and the steel 
frame work for holding the control 
equipment. Also notice the conve- 
nient location of the push button on 
the floor at the operator's feet, in the 
picture at the right. Now I don’t 
claim that the job at the right is per- 
fect. You, with your wide experi- 
ence, can undoubtedly pick out lots 
of flaws; for instance, the panel with 
the relays and contactor should be 
enclosed to keep it cleaner and to 
prevent danger of touching a live 
part. But don’t you think that you 
would rather have in your plant the 
installation shown in the right-hand 
picture, than that shown on the left? 
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completely refute this argument. 

It goes without saying that the 
size of conduit and fittings selected 
should be large enough to pull all 
the required wires through without 
forcing and skinning them. This is 
always an easy matter since the Na- 
tional Electrical Code specifies the 
minimum size of conduit for a given 
number of wires. Conduit of 114-in. 
diameter and larger should be sup- 
ported at intervals not exceeding 
11 ft., while conduit of less than 
114-in. diameter should be supported 
at intervals not exceeding 6 ft. 

Sharp bends in conduit should be 
avoided wherever possible and stand- 
ard elbows or condulet fittings used 
instead. Where necessary to form 
bends, the conduit must not be flat- 
tened or kinked. The National Elec- 
trical Code states that the radius of 
the curve of the inner edge of any 
bend shall be not less than 31% in. 

In dye or bleaching rooms or any 
other location where the conduit is 
exposed to acid fumes and excessive 
moisture, the conduit should be 
painted before installation with two 
protective coats of red lead and lin- 
seed oil or other protective paint. 
After installation, all abrasion marks 
should be repainted. Pipe straps, 
conduit supports, junction and cut- 
out boxes should be given the same 
treatment as the conduit. 

On conduit runs more than 500 ft. 
in length, and using conduit over 
1 in. in diameter, expansion joints 
should be provided to allow for the 
expansion and contraction of the 
conduit. This is a point often over- 
looked where conduit is exposed to° 
the hot sun or where temperatures 
are high. (Continued on page 259) 
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STRUCTURAL. WORK, such as this, pre- 
sents one of the more difficult painting oper- 
ations. The value of the application, how- 
ever, is well shown by the striking differ- 
entiation of the parts painted in contrast to 
that on which the painters are working. In 
addition to reflecting the light and thus aid- 
-ing in the illumination, such. surroundings 
have a brightening effect upon the worker. 





You Can Get 


Better Illumination 
Without More Lamps 


In Many Instances and 


in Others Even Reduce 


Present Wattage When You Properly Direct Avail- 
able Light Rays and Provide Proper Reflecting 
Wall and Ceiling Surfaces — 


- By. W. WENDELKEN 
Illuminating Engineer, Works Electrical 
Dept., Westinghouse Electric & Mfg. 
€o., East Pittsburgh, Pa. 

HITE and light colored paint 

WV applied on the inside sur- 
faces of buildings plays an 
important part in the utilization of 
the light output of the lighting units 
and thus materially assists in the 
resultant illumination. Also, when 
laying out a lighting system for any 
form of building, whether home, of- 
fice, or shop, it is especially impor- 
tant to know just what color scheme 
is to be- used on the surrounding 
surfaces, for this will influence the 





kind and type of reflector and lamp 
equipment to be used. 

The efficiency of a lighting sys- 
tem, moreover, depends not only on 
the lighting units themselves, but 
also on the reflecting properties of 
the surrounding surfaces, mainly 
the walls and ceilings. The ceiling 
should be of a light tint, especially 
when indirect or semi-indirect units 
are used, for, as can be readily ap- 
preciated, with a totally indirect 
unit all light obtained on the work- 
ing plane is reflected from the ceil- 
ing, and if this happens to be of a 
dark shade or dirty the efficiency of 
a unit falls off rapidly. Likewise, it 
is often possible to obtain better 














Mr. WENDELKEN Points Out 
That— 


To oBTAIN proper lighting no 
one thing will aid more than a 
coating of good white paint spread 
over the inside surfaces of the shop 
or building. With a correctly de- 
signed lighting system and liberal 
use of white paint applied periodi- 
cally to all surrounding surfaces, 
the total wattage of a system can 
be reduced as much as 25 per 
cent, depending upon the intensity 
of the illumination required. Even 
in old installations where the walls 
are exceptionally dirty and the 
lighting equipment inefficient, im- 
mediate gains of from 10 to 25 per 
cent are obtainable by brightening 
things up with a good coat of 
white paint. 

In a building where no scaffold- 
ing is required and the work is 
mostly straight painting, brush 
work will cost approximately 30 
cents per 100 sq. ft. Where scaf- 
folding is necessary about 12 per 
cent should be added. Spray work 
can usually be figured to run about 
50 per cent of brush work. The 
expense incurred by installing good 
lighting and keeping things clean 
and well painted will be easily 
paid for by the results obtained. 




















lighting in a room, even though 
equipped with poor lighting units, 
when the surrounding surfaces have 
been finished with the proper light- 
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colored tints. The inefficiency of the 
lighting units is thus compensated 
by avoiding absorption on the re- 
fiecting surfaces. 

In industrial lighting, such as the 
lighting of shop buildings and man- 
ufacturing plants, the value of good 
lighting is a tangible asset that 
comes back to the employer in the 
form of increased efficiency among 
employees and results in greater 
production and decreased labor 
turnover because of the more cheer- 
ful appearance and atmosphere. In 
a well-lighted shop there is a more 
pronounced mental alertness among 
the employees, who, as a result, are 
able to do more and better work. By 
proper lighting, dark corners, dark 
passage ways, elevator landings, 
stairways and other similar places 
are made safer, thus reducing the 
accident hazard which is always 
present in a marked degree with 
poor lighting. 

To obtain proper lighting no one 
thing will aid more than a coating 
of good white paint spread over the 
inside surfaces of the shop or build- 
ing. With a correctly-designed 
lighting system and the liberal use 
of white paint applied periodically 
on all surrounding surfaces, the to- 
tal wattage of the system can be re- 
duced as much as 25 per cent, de- 
pending on the intensity of the illu- 
mination required. Thus, it will be 
seen that with large installations 
the saving in wattage alone will be 
considerable. Even in old installa- 
tions where the walls are exception- 
ally dirty and the lighting equip- 
ment inefficient, immediate gains of 
from 10 to 25 per cent are obtained 
by brightening things up with a 
good coat of white paint. In this 
case it would be possible to reduce 
the size of the lamps somewhat and 
still obtain the same intensity as 
before. The percentage of improve- 
ment will vary, of course, depending 
on the conditions of the old surfaces 
before making the change. 

It is generally advisable to paint 
all interior -surfaces and maintain 


Four views showing the value of 
white paint applied to the walls 
and ceiling. 

All of these photographs were taken 
in the Westinghouse Works at night 
by the light from the lighting system 
only. Even though some of these 
buildings have high ceilings, . the 
upper part of the views show a haze 
instead of a deep black, as is ordi- 
narily found in illustrations where 
the paint on the ceilings does not 
have high-reflecting value. It is 
ordinarily difficult to get anything 
but a deep black background in such 
views as this without the aid of a 
flashlight or other illumination, be- 
sides that given by the lighting 
system. 
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them in respectable appearance any- 
way, for the good effect that light 
surroundings have upon the work- 
ing force. If white paint is used, it 
may be necessary to renew it some- 
what more frequently than if darker 
tints are used. However, in practi- 
cally all cases it will be found that 
the benefits from better illumination 
and its effect on the workers will 
more than overbalance the addi- 
tional expense. 

Because of the effect of the sur- 
roundings and of the type of work 
done in the building it is very diffi- 
cult to set a definite time interval 
between paintings. In a dirty atmos- 
phere as in the Pittsburgh district, 
for example, it would probably be 
necessary to repaint about every 
two and one-half or three years. In 
cleaner districts and at cleaner 
work, this time should be almost 
doubled. The item of expense of re- 
painting likewise enters into the de- 
termination of an advisable period 
between repaintings. This question 
must be answered by the judgment 
and experience of those in charge. 

Our company makes no effort to 
clean painting jobs in the shops as 
the expense involved would very 
likely justify repainting. The labor 
cost, which is one of the largest ele- 
ments of cost in painting, and the 
difficulty of erecting scaffolds and 
staging, would be about as great for 
a cleaning operation as for repaint- 
ing. Some of the offices, however, 
where the finish is not so dirty and 
where the rooms are not so large, 
are cleaned periodically. In cases 
like this, it is possible to save time 
and money by cleaning a surface in- 
stead of repainting. 

It is always advisable to use a 
good quality of paint even though it 
is not exposed to the weather and 
will last almost indefinitely. The 
greatest depreciation is, of course, 
in reflecting value. The experience 
at the East Pittsburgh Works has 
shown a decrease of about 10 per 
cent in reflecting value in the first 
three or four months; after this, 
however, the decrease is not so 
rapid. Ordinarily, a depreciation of 
about 20 per cent the first year and 


Four views of white-painted ceil- 
ings where the lighting unit is 
placed close to the ceiling. 

In the upper three views metal re- 
flectors are used. The illustrations 
easily show the reflecting value of 
the white ceiling in these cases. The 
lower view of an office shows an in- 
stallation of Westinghouse “Sol-lux” 
luminaires. In offices at the West- 
inghouse plant the paint’ is some- 
times cleaned, although no effort is 
made to clean it in the shops. 
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10 per cent each for the second and 
third years is expected. This, of 
course, may be greater or less ac- 
cording to the conditions, as previ- 
ously expressed. 

Any of several good grades of in- 
side paint on the market can be 
used as well as one or two brands 
that are sold and advertised espe- 
cially as an aid to factory lighting. 
The cost of any of these is not ex- 
cessive and they not only aid won- 
derfully in securing illumination 
but also form a protective coating 
on the surface painted, thus per- 
forming a dual purpose. Even a 
good grade of white wash will serve 
for small outbuildings and sheds 
where appearance is not so essential. 
Whitewash may be applied at less 
expense but it is not so lasting. 

As to the kind and color of paint 
to be used, several have been tried; 
but for all general purposes, such as 
the inside of shop buildings, manu- 
facturing plants and other indus- 
trial applications of this kind, a 
good grade of white inside gloss 
paint is most satisfactory, with a 
medium gray border about 4 ft. 
high from the floor running around 
the room. This gives a good ap- 
pearance and is standard practice 
with several companies. 

The gloss will not be objectionable 
after a few days’ service, unless in 
the direct line of vision, and this 
kind of. paint stays clean longer even 
where subjected to smoke or dirt. 


Flat paints will be found to be more’ 
suitable in a small enclosed room 


where the occupants must continu- 
ally gaze at the wall. Here the glare 
from a gloss paint would prove dis- 
agreeable. In general, however, 
a gloss paint will prove better and 
longer lasting, and for this reason 
is to be recommended for all places 
where it is suitable, especially build- 
ings of large area and where fre- 
quent painting is not convenient. 
For the inside of small rooms, 
store buildings, office buildings, 
residences and the like it is almost 
compulsory to use a flat paint with 
some suitable color scheme such as 
light cream for the ceiling and light 
grey, tan, buff or any suitable light 
shade for the walls. Buildings of 
this description are not subjected 





A before and after view showing 
the contrasting value of white 
paint. 

Straight work, such as this, even 
though it requires the use of scaf- 
folding or slings, may, in many 
cases, be spray painted. If painting 
must be done at night’ so that it will 
not interfere with crane service, it 
often adds to the cost. 
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to dirt as much as shop buildings 
are and a more subdued color 
scheme using -flat. paints will be 
found to be much more appropriate. 

Paint can be applied either by 
brush or spray, depending on condi- 
tions. The spray is commonly used 
where large areas are to be covered 
and where the quality of the work is 
not so important. Good quality 
painting can be done by spray by 
experienced operators if they take 
the necessary time and care. In of- 
fices and similar places it is neces- 
sary to paint with the brush but in 
large areas where there is no objec- 
tion to the paint permeating the air, 
the spray is the best method to use. 
This is not objectionable in most 
shops as the machinery on the floor 
can be covered over during the 
spraying period and protected from 
the paint which escapes into the air 
from the spray. By using the spray 
the job can be done at about one- 
half the labor expense of brush work 
and in about half the time. There 
are, of course, some places which 
can only be covered with the brush. 
Conditions and structural details of 
the building will dictate the best 
method to be used. 

The total cost of a painting job 
will vary according to the structural 
features of the building, the cost of 
the paint, whether scaffolding will 
be required, whether brush or spray 
is to be used, and, lastly,. whether 
the job is to be done on straight 
time or overtime. 

In a building where no scaffolding 
is required and the work is mostly 
straight painting, brush work will 
cost approximately 30 cents per 100 
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sq. ft. Where scaffolding is neces- 
sary about 12 per cent will have to 
be added to this figure. Spray. work 
can usually be figured to run about 
50 per cent of the cost of brush 
work. These figures apply to work 
on straight time and at the price of 
labor as paid in the Pittsburgh Dis- 
trict at the present time. They will 
vary somewhat according to the la- 
bor rate and details of the building 
to be painted but can be taken as 
fairly accurate for estimating. 

The night photographs accom- 
panying this article will give the 
reader some idea of the advantages 
to be obtained from the use of paint. 
These were all taken throughout the 
works of the Westinghouse Electric 
& Manufacturing Company and 
show the liberality of the use of 
paint. These photographs were all 
taken by light from the lighting 
system only and have not been re- 
touched. A good night photograph 
of a lighting system is hard to ob- 
tain unless the best of conditions 
prevail. In these pictures the paint 
jobs were only from one to three 
months old, and for this: reason the 
majority of the pictures are excep- 
tionally clear in detail. Without the 
assistance .of the white paint it 
would have been difficult to obtain 
pictures anyway approaching these. 

It is the writer’s experience that 
the money spent for painting and 
good lighting is one of the best in- 
vestments that can be made for in- 
creased efficiency and production. 
People unconsciously react to good 
lighting conditions. No man can do 
his best under poor light nor will he 
be contented with such surroundings. 
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THIS IS the second and concluding 
article covering lineshafts, hangers 
and hanger bearings. In a group 
drive successful operation depends 
largely upon alignment of shafts 
and low friction loss in bearings. 
Misalignment increases the power 
consumption as it requires bending 
and straightening the shaft at each 
revolution. In some cases the power 
required to do this has been about 
50 per cent of the entire operating 
load. When shafts squeal or groan 
on starting or stopping it will pay 
to look into the alignment. Better 
bearings may decrease this friction 
loss, but alone they will not com- 
pensate for misalignment of the 
lineshaft and neglect of proper at- 
tention to lubrication. 


Some Types and 
Applications of 


Babbitt, Ball 





and 


Roller Hanger Bearings 


Together with Various 


Methods Employed for 


Spreading the Lubricant Over Bearing Surfaces 
and Ways to Reduce Friction Losses 


By FRANK E. GOODING 


Associate Editor, Industrial Engineer 


ROUP DRIVES, to be eco- 
(s nomical, require, in addition 
to a driving unit of sufficient 
power to handle the starting and 
running loads, a careful selection 
and installation of the lineshaft, 
hangers and bearings. In the April 
issue an article on “Lineshafting 
and Hangers” discussed the first two 
of these power transmission units. 
This article will take up some of the 
different types of bearings for use 
in lineshaft hangers. 

Upon the hanger bearings rests 
much of the responsibility for satis- 
factory and economic operation of a 
lineshaft. Bearings are of various 
types but in general are classified, 
according to the method of applying 
the lubricant, into either plain, cap- 
illary, ring oiling, collar oiling, or 
are provided with roller or ball bear- 
ings. These types of bearings, with 
the exception of roller or ball bear- 
ings, are made by the various manu- 
facturers of hangers to suit the dif- 
ferent types of hangers and pillow 


blocks which they produce. Each 
manufacturer specializes usually on 
some of these types. Roller or ball 
bearings are usually made by com- 
panies which specialize in them 
alone. The group of bearings shown 
on page 230 illustrates some of the 
general types. 
those illustrated are in most cases 
produced by several different manu- 





Bearings similar to 






Special hanger bearings with double ball 
races have been inserted in this rope drive 
lineshaft installation. 





facturers. Most of these types of 
bearings are also used with pillow 
blocks. 

Plain bearings with babbitt sur- 
faces are often fitted with grease 
cups and used for low-speed work. 
Also, because of their lower cost 
such bearings are frequently used in 
temporary installations and in plants 
which operate only a few weeks or 
months during the year, as in some 
canning plants and similar places. 
They are also used on small machine 
countershafts with a loose pulley 
where the shaft and bearings are not 
operating full time. While these 
bearings are usually split, some plain 
bearings are made solid to slip over 
the end of the shaft, although ordi- 
narily, these are used only on coun- 
tershaft installations. Ball-bearing 
loose pulleys are being quite widely 
used on countershafts, as has been 
mentioned in previous articles. 

A poor bearing not only wastes 
power but also is likely to cause 
trouble and can tie up an entire job 
if placed in an important location, as 
on the headshaft or on one of the 
principal lineshafts. A consequent 
interruption of service may easily 





A cut-away view of two types of 
ball-bearing boxes for lineshaft 
hangers. 


The manufacturers of both of these 
types of ball-bearing hanger boxes pro- 
vide them with. various casings so that 
there is a type which may be used in 
each of the various types of hangers. 
In this way they may be installed at 
a minimum cost as they can be used 
with standard hangers. On shop in- 
stallations it is only necessary to re- 
move the old bearings and replace with 
new 
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A—On slow-speed work where plain 
bearings are desirable, this type of 
bearing with grease cups is frequently 
used. This particular bearing is fitted 
with a round wick extending the full 
length on each side to spread the lubri- 
cant. Grease bearings are often used 
where the bearing pressure is high and 
the speed low. 


B—tThese bearings are provided with 
two large grease boxes that feed the 
lubricant directly on about one-half 
the journal area. When filled with 
one of the several well-known fibrous 
greases and packed with yarn, as 
shown,.a filling will last from six 
months to a year. 

C—aA wick-oiling bearing, such as this, 
is often used on shafts revolving at 
moderate speeds and carrying loads 
that are not excessive, as on counter- 
shafts. The wick extends from one 
oil reservoir across to the other and so 
distributes lubricant practically the full 
length of the bearing. 

D—This is a combination of a plain 
oiling bearing which is provided with 
a piece of felt in the reservoir in the 
bottom to feed lubricant by capillary 
action. 









These illustrations show 
some of the various types 
of bearings forshaft 
hangers. Various manu- 
facturers produce adapta- 
tions of these different 
types. No effort is made 
in these illustrations to 
show the grooving of the 
babbitt bearings. 


E—Another capillary oiler in which 
the oil is fed to the shaft through a 
slotted wooden block held against the 
bottom of the shaft by a spring. 


F—Here the oil is supplied to the jour- 
nal through wicks by capillary action. 
These need be oiled about’ once a 
month and emptied and refilled about 
every three to six months, according to 
the speed and surrounding conditions. 


G—tThis bearing combines a ring ail- 
ing system with a capillary auxiliary. 
Wipers at both ends return oil on the 
shaft to the reservoir. 


H—Another type of the ring-oiling 
bearing. The bottom of the oil reser- 
voir is flat, which prevents overturn- 
ing when removed and does not leave 
any grooves for sediment to form. 


I—Sometimes chains are used for oil- 
ing bearings instead of rings. “With 
chains, a heavy oil cannot be used 
satisfactorily. . 

J—Here a concealed thrust collar is 
used in connection with ring-oiling 
bearings to prevent lateral movement 
in textile, rubber, and similar mills 
where a loss would result from oil be- 
ing thrown from an outside set collar. 
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K—Another type of ring-oiling bear- 
ing where inclosed double collars are 
used to take the end thrust of line- 
shafts in each direction. 


L—This shows the operation of a col- 
lar-oiling hanger bearing. The collar 
carries the oil from the reservoir to 
the top, where it is distributed to the 
bearings. 


M—A sectional view of still another 
type of collar-oiling bearing box. 


N—Bearings with a closed end, which 
may be of any type of lubrication, are 
frequently used at the ends of short 
countershafts and eliminate the neces- 
sity for employing collars to prevent 
side motion. Although this is a ring- 
oiling bearing, other types of lubri- 
cation may be used. 


O—Frequently when bearings are used 
in dusty and dirty places like cement 
mills, brick mills, paint mills, brick 
yards, and other similar places, a dust- 
proof collar is placed in the end of 
the bearings as shown here. This may 
be used with -any type of bearing. 
Sometimes a packing ring is inserted 
at the end of the bearing to prevent 
oil leakage. 
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A cut-away view of a double-race, 
her tt self-aligning pillow 
ock. 


This pillow block combines the value 
of the self-aligning principle and low 
friction loss in the heavy service re- 
quired of pillow blocks in power trans- 
mission drives. 





cost more than the difference be- 
tween good and cheap bearings. 
Bearings which depend upon cap- 
illary action for lubrication use 
wicks, felt or special slotted wooden 
blocks which dip into the oil and 
feed it to the surface of the bearings 
by capillary action. Sometimes 
wicks are used to distribute grease 
lubricants. In wick self-oilers the 
wick is usually placed on the top of 
the bearing and above the shaft, al- 
though some types feed through the 
wick to the bottom or sides of the 
bearing. An advantage of wick 
bearings is that they strain the oil 
before it is fed to the shaft. How- 
ever, if a shaft is idle for some time 
the oil on the wick is likely to harden 
so that the entire wick must be 
changed before the shaft can be put 


















Ball bearings are also used in shaft 
hangers and in pillow blocks. 


The top view shows one method of get- 
ting a four-point adjustment in a shaft 
hanger. Ball bearings should be slipped 
over the end of the shaft and have a 
sucking fit instead of a tight force fit 
because forcing the bearing will ex- 
pand the inner bail race and cause 
excessive pressure and wear on the 
bearings. MBall-bearing pillow blocks 
are not only used on shafting but also 
in many machines. 





into operation again. Babbitt is 
most commonly used for these types 
of bearings. 

Ring-oiling bearings, as G and H 
on the opposite page, are commonly 
used not only for lineshafts but on 
many machines. In most cases, as 
illustrated, the bearing is provided 
with two rings. As the shaft ro- 
tates it carries the rings up over the 
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Another type of roller-bearing shaft 
hanger box. 


Here the bearing fits on a sleeve at- 
tached to the shafting and so may be 
used over a spot where the shafting 
has been badly worn. This also may 
be obtained in different types of cas- 
ings to fit the various types of shaft 
hangers. 





shaft and distributes the oil which 
adhered to the ring. In some types 
chains, as shown at J, are used in- 
stead of rings. 

In collar-oiling bearings there is 
clamped around the shaft a collar 
which carries the oil with it from 
the oil reservoir in the bottom of the 
bearing and allows it to flow up over 
the top of the shaft, as shown at L. 
This is a positive-acting bearing and 
there is no danger of its not operat- 
ing as long as there is oil in the 
reservoir. Ring bearings sometimes 
stick and do not rotate and so stop 
carrying oil for lubrication. Gener- 
ally this collar is split and clamped 
over the shaft. In some cases, how- 
ever, a solid collar is shrunk around 
the shaft and serves not only for oil- 
ing but also as a thrust collar or 
bearing. The collars shown in illus- 
trations J, K, and M are designed to 


. take care of end thrust. 


Unless a bearing reservoir is filled 
too full it should not drip oil. How- 
ever, a dust-proof ring or packing 
at the end of the bearing not only 
prevents the leaking of oil but also 
prevents dust from working into the 
bearings. Where bearings are used 
at the end of a shaft it is always best 
to use closed-end bearings as-no dust 
can get into the oil reservoir. 

Most of these hangers are of what 
is known as the ball-and-socket type 
which fits into a two- or four-point 
adjustment hanger and gives some 
freedom (Continued on page 257) 





Details of construction of a roller 
shaft bearing. 


These bearings are split and may be 
placed on the shaft without removing 
the shafting. Among the advantages 
claimed for roller bearings are that 
they require lubrication less _ fre- 
quently, cause less friction, and so 
Save power. ‘These are made in vari- 
ous shapes, of casings so as to fit in 
the more standard types of hangers, 
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Changing Single-Phase 
Motors to 2-or 3-Phase 


Together with Tables for Determining the Rating, 
Turns per Phase, Sizes of Wire and Coil Pitch 
When Rewinding the Stator 


By A. C. ROE 


Repair Superintendent, Detroit Service 
Dept., Westinghouse Electric & 
Manufacturing Co. 


SINGLE-PHASE motor frame 
A is 1.5 times the size of a cor- 
responding two- or three- 
phase motor of the same horsepower 
and speed, which means that when 
changing from single-phase to three- 
or two-phase with the speed remain- 
ing the same, the single-phase horse- 
power rating can be increased 1.5 
times. 
There is another and _ better 
method for determining what horse- 


power a given frame is capable of- 


developing, that can be used when 
an old core on which the winding 
has been removed is available. This 
method makes use of the number of 
cylindrical inches in the core, using 
the inside diameter, which is the 
bore B squared, times the length of 
the core. Thus (BX BXL) deter- 
mines the maximum horsepower rat- 
ing of any frame. 

In Table I are given the minimum 
cylindrical inches allowance for each 
horsepower rating from %, to 7%. 
The values given are for cores of 
four-pole, 60-cycle, 1,800-r. p.m. 
motors. In a footnote under Table I 
the formula for determining the 
cylindrical inches required for six- 
and eight- and ten-pole, 60-cycle 
motors. is given. 

Table II gives some values taken 
from rewound motors. These val- 
ues can be used for comparisons or 
checks. — 

In Table III are given the cylin- 
drical inches of stators having a 
bore of 2% in. to 914 in., in steps of 
14 in., and the length of core from 
1 in. to 4 in. The first column gives 
the bore in inches, the second col- 
umn the value of bore B squared 
(B X B); then each succeeding col- 
umn gives the value of (B X BX L) 
or cylindrical inches, corresponding 


to the bore at the left of the line and 
the length of core at the head of the 
column. 

For example, assume we have a 
stator that has a bore of 6 in. and a 
core length of 2% in.: What are the 
cylindrical inches? First locate the 
figure 6 in the bore column in Table 
III. Then look along this line until 
under the heading of 21% in. we find 
90, which is the cylindrical inches of 
this core. According to Table I this 
core is good for 3 hp. at 1,800 r.p.m., 
60 cycles; or 3+ 1.5 equals 2 hp. at 
1,200 r.p.m.; or 3+ 2 equals 1.5 hp. 
at 900 r.p.m.; or 3X .365 equals 
1.095 hp. at 720 r.p.m. The above 
procedure can be followed for de- 
termining the horsepower rating of 
any core within the limits given. 

The next step is to determine the 


- 





REQUESTS FREQUENTLY come 
to a repair shop to change a 
single-phase, . induction-type 
motor to two- or three-phase, 
in order to eliminate the cen- 
trifugal switch used in start- 
ing a split-phase motor. In 
such a case the core, frame 
and rotor is available and 
the question that comes up 
is the rating that can be ex- 
pected on two- or three-phase 
operation. In this article 
Mr. Roe gives step-by-step 
details for these changes to- 
gether with handy tables for 
use on a wide variety of jobs. 




















number of turns, size-of wire, and 
coil pitch. To get the turns, the flux 
per pole per phase must be figured. 
This is done by the use of the for- 
mula (0.636 X S: X L X Bm), where 
S: is the pole pitch which is equal to 
(bore X 3.14) divided by number of 
poles. Value® for S: are given in 
Table IV; L equals length of core. 
When length of core is stated, it 
means actual length of iron, not in- 
cluding ventilating ducts or end- 
plates. Bm is the magnetic density 
in the air gap in lines per sq. in. and 
runs from 20,000 to 30,000 for mo- 
tors up to 744 hp. with closed slots. 
A good average value for four and 
six poles is 25,000 lines per sq. in. 



























































Ampere Ratings, Efficiency and Power Factor for 
Two- and Three-Phase, 60-Cycle, 220-Volt, 40-Deg. Motors 
THREE-PHASE Two-PHAsE 
Amp. Per Cent Amp. Pzr Cent 
PER = PER 
Hp. Potes | TERmI- Hp. Potes | TERMI- 
, NAL Erri- | PowEr NAL Erri- | Power 
crency | Factor ciency | Factor 
yy 4 .90 71.0 76.0 yy 4 .82 69.0 75.0 
% 4 1.61 76.0 80.0 % ae 1.45 74.0 79.0 
4% 6 1.90 72.0 73.0 4% 6 1.71 69.0 72.0 
4% 8 1.92 71.0 72.0 4% 8 1.80 68.0 70.0 
% a 2.33 77.0 82.0 % 4 2.09 75.0 81.0 
4% 6 2.48 75.0 80.0 % 6 2.17 73.0. 80.0 
4% 8 2.65 73.0 71.0 % 8 2.32 72.0 78.0 
1 4 2.95 80.0 83.0 1 4 2.65 79.0 82.0 
1 6 3.02 79.0 81.0 1 6 2.81 78.0 81.0 
1 8 3.60 75.0 71.0 1 8 2.97 76.0 80.0 
1% 4 4.42 82.0 82.0 1% 4 3.82 82.0 82.0 
if 6 4.48 81.0 80.0 . 1% 6 3.88 81.0 80.0 
1 8 5.15 77.0 74.0 1% 8 4.01 80.0 79.0 
2 4 5.7 82.0 87.0 2 4 5.0 81.0 86.0 
2 6 6.0 79.0 81.0 2 6 5.3 78.0 79.0 
2 8 7.9 78.0 63.0 2 8 7.4 77.0 59.0 
3 4 8.1 86.0 87.0 3 4 7.2 82.5 86.0 
3 6 8.7 83.0 79.0 3 6 7.5 82.0 83.0 
3 8 9.7 81.0 73.0 3 8 8.5" 81.0 73.0 
5 4 13.1 87.5 87.0 5 4 11.5 85.6 87.0 
5 6 413.6 85.0 86.0 a 6 12.1 85.0 82.0 
5 8 14.1 84.0 82.0 5 8 12.6 83.0 81.0 
7% 4 19.1 87.0 88.3 7% 4 17.1 87.0 87.0 
7 6 19.5 86.0 87.0 72 6 16.8 87.0 85.0 
7% 8 20.6 85.0 82.0 7 8 20.0 86.0 82.0 
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For an eight-pole motor it would be 
20,000. Then the flux per pole for 


a 6-in. by 2%-in. stator would be. 


figured as follows: S: according to 
Table IV for four poles is, 4.712. 
Then the flux equals (0.686 < 4.712 
X 2.5 X 25,000) equals 187,250 lines. 

To help in estimating the size of 
wire required the table on page 232 
is given. This table gives the am- 
pere rating, efficiency and power fac- 
tors for 220 volts. For 110 volts 
multiply these values by 2; for 440 
volts divide by 2; for 550 volts mul- 
tiply by 0.4. 

In the following examples we will 
use 80 per cent coil pitch, or coil 
pitch equals (1 and 1 plus number 
of slots divided by number of poles 
times .80). For forty-eight slots 
and four poles, the coil pitch is 
(1 and 1 + 48 + 4 X .80) equals 
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These values are per Hp. for 4-pole 


Table I—Minimum Cy]- 
indrical Inches 


60-cycle, 1800 r. p. m. motors. 


Table I]—Values Taken From Re- 
wound Motors for Check- 
ing Purposes 























Mun. Circ. MILs 
Hp. BxBxL per Amp. Hp. Bors 
A 12.00 320 A 3% 2% 
x% 20.00 375 % 5 2% 
¥% 25.00 450 4 3% 3% 
4% 30.00 475 4% 4% y&% 
1 40.00 500 44% 4% 
144 55.00 525 ye 
2 75.00 550 
3 90.00 600 % yy 
5 120.00 650 1 % 
7% 200.00 675 % % 4 
& = 0.636xS1 xLxBm. yy 


Bm =20,000 to 35,000 lines pe: 
S1=Pole pitch = ee. 14) + aon 
of poles) 
B2L required equals: 
for 6 poles =1.5x(B2L for 4 poles) 
for 8 poles=1. SOx Ree for 4 poles) 
for 10 poles = 2.70x(B2L for 4 poles) 
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Table I1I—Cylindrical Inches Obtained from Bore and Length of Iron of Stator 
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Vales given in this line are lengths of core in inches. 


Borg BxB) 
IN ORE 
IncHES |SquaRED}| ‘*1.0 1.25 - 1.50 1.75 2.00 2.25 2.50 2.75 3.50 
2 6.25 6.25 7.81 9.37 10.93 12.50 14.06 15.62 17.18 21. 
25% 6.89 6.89 8.62 10.32 12.05 13.78 15.50 17.21 18.94 24. 
3% 7.66 7.66 9.58 11.33 13.41 15.32 17.24 18.99 20.91 26. 
23 8.26 8.26 10.33 12.40 14.46 16.53 18.60 20.66 22.73 28. 
3 9.00 9.00 11.25 3 15.75 18.00 20.25 22.50 24 31. 
4s 9.76 9.76 12.20 14.65 7.09 19.53 21.96 24.41 26.85 34.16 
3% 10.56 | 10.56 13.20 15.85 18.49 21.12 23.76 26.41 29 .05 36.96 
3% 11.39 | 11.39 14.23 17.08 19.93 22.78 25.62 28.47 31.31 39.85 
3% 12.25 | 12.25 15.32 18.38 21.43 50 27.57 30.63 33.70 42. 
3% 13.14 | 13.14 16.43 19.72 23.23 26.28 29.57 32.86 36.15 46.00 
3% 14.06 | 14.06 17.58 21.09 24.61 28.12 31.64 35.15 38.67 49. 
3% 15.01 | 15.01 18.77 22.52 26.27 50.03 33.79 37.53 41.29 52.56 
4 16.00 | 16.00 | 20.00 24.00 28.00 32.00 36. 40.00 44.00 56. 
4% 17.01 | 17.01 21.97 25.52 29.77 34.03 38.28 42.53 46.79 59. 
4 18.06 | 18.06 22.58 27 31.61 36.13 40.64 45.15 49.67 63. 
4 19.14] 19.14 23.93 28.71 33.49 38.28 43.17 47.85 52 67. 
4 20.25 | 20.25 25.31 30.37 34.43 40.50 45.56 50.62 55.68 70.87 
4% 21.39 | 21.39 26.74 32.08 37.42 42.78 48.13 53.47 58.82 74, 
4% 22.56 | 22.56 28.20 33°84 39.48 45.12 .76 56.40 62.04 78. 
4% 23.76 | 23.76 29.70 35.64 41.60 47.53 53.46 59.40 65.34 83. 
5 25.00 | 25.00 31.25 37.50 43.75 .00 56.25 62.50 68.75 87. 
5% 26.26 | 26.26 32.83 39.40 45.96 52.53 59.10 72.23 91. 
5% 27.56 | 27.56 34.45 41.35 48.23 55.12 61.90 68.91 75.80 96. 
5% 28.89 | 28.89 36.11 43.38 55 57.78 65.00 72.27 79.49 101. 
5% 30.25 | 30.25 37.81 45.38 52.93 60.50 68.06 75.63 105. 
5% 31.64 | 31.64 39.55 47.46 55.37 63.28 71.20 79.10 87.00 110.75 
b% 33.06 | 33.06 41.32 49.59 57.86 66.12 74.38 82.65 90.91 115. 
57 34.51 | 34.51 43.14 51.77 60.40 69.03 77.65 86.28 94.91 120.79 
6 36.00 | 36.00 45.00 54.00 63.00 72.00 81.00 90.00 99.00 126. 
6% 37.51 | 37.51 46.90 56.27 65.65 75.03 84.41 93.78 | 103.16 131. 
6% 39.06 | 39.06 48.82 58.59 68.36 78.12 87.92 97.65 | 107.42 136. 
6% 40.64 | 40.64 50. 60.95 12 81.28 91.44 | 101.59 ~| 111 142. 
6% 42.25 | 42.25 52.80 63.37 83 84.50 95.05 | 105.62 | 116.08 147. 
6% 43.89 | 43.89 54.86 65.83 .80 87.78 98.75 | 109.72 | 120.69 153. 
6% 45.55 | 45.55 56.94 68.32 71 91.10 | 102.49 | 113.87 | 125.26 159. 
6% 47.27 | 47.27 59.08 70.90 Bs 95.54 | 106.35 | 118.17 | 130.00 165. 
7 49.00 | 49.00 61.25 73.50 75 8 110.25 | 122.50 | 134 171. 
7% 50.77 77 63.46 76.15 85 | 101.54 | 114.23 | 126.92 | 139 177.69 
74% 52.56 | 52.56 65.70 78.84 00 |.105.12 | 118.26 | 131.40 | 144 183.96 
a 54.39 | 54.39 67.98 81.58 18 | 108.78 | 122.37 | 135.97 | 149 190.36 
7 56.25 25 70.31 84.37 112.50 | 126.56 | 140.62 197.87 
7% 58.14 14 72.67 87.20 75 1116.28 | 130.81 | 145.34 | 159 203 .48 
7 60.06 75.07 90.09 120.12 | 135.13 |¥150.15 | 165 210.21 
77 62.02 | 62.02 77.52 93.03 | 108.53 | 124.04 | 139.54 | 155.05 | 170 217.07 
8 64.00 | 64.00 80. 112.00 | 128.00 | 144.00 | 160.00 | 176 224.00 
8% 66.02 | 66.02 82.52 99.03 | 115.53 | 182.04 | 148.54 | 165.05 | 182 231.07 
8 68.06 | 68.06 85.07 | 102.09 | 119.11 | 136.12 | 153.13 | 170.15 | 187 238.21 
70.14 | 70.14 87.67 _| 105.21 | 123.77 | 140.28 | 158.81 | 176.35 | 193.91 247.49 
8 72.25 | 72.25 90.31 | 108.37 | 126.44 | 144 162.56 | 181.62 | 198.69 253.87 
854 74.39 | 74.39 92.98 | 111.58 | 130.18 | 148.78 | 167.37 | 185.97 | 204.57 260.36 
8 76.56 | 76.56 95.70 | 114.84 153.12 | 172.26 | 191.40 | 210.56 267 .96 
8% 78.77 | 78.77 98.46 | 118.15 | 137.85 | 157.54 | 177.23 | 196.92 | 216.62 275.69 
9 81.00 | 81.00 | 101.25 | 121.50 | 141.75 | 162.00 | 182.25 | 202.50 | 222.75 283.50 
ox 83.12 | 83.12 | 103.90 | 124.68 | 145.46 | 166.24 | 187.02 228 .58 290 .92 
9 85.56 | 85.56 | 106:95 | 128 34 149.73 71.12 | 192.51 | 213.90 | 235.29 299 .46 
9 87.89 | 87.89 | 109.86 | 131. 153.81 | 175.78 | 197.75 | 219.72 | 241.70 307.61 
os 90.25 | 90.25 | 112.81 | 135. 3 157.94 | 180 203.06 | 225.62 315.87 
. 
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[1 and 1 + (12 X .80)] or (1 and 1 
+ 9.6), which is 1-and-10. 

For a two-phase motor, the turns 
per phase with a series connection 
will be: 

T = (E X 100,000,000) + (4X © 
< F), where E equals the line volt- 
age, ® the flux per pole, and F the 
frequency. Then the turns per coil 
equal T divided by the coils per 
phase. 

For three-phase, the turns per 
phase for a series-delta connection 
will be: 

T = (E X 100,000,000) + (4.25 
xX ®X F). For a series-star connec- 
tion, the turns per phase become 
(E X 100,000,000) + (7.85 X®XF). 

A series-star connection requires 
less turns of a larger wire, and a 
series-delta connection a_ greater 
number of turns of a smaller wire. 
The majority of motors are star- 
connected. So the safe procedure is 
to figure out the turns for a series- 
star connection and then if the wire 
is too large try a series-delta connec- 
tion. 

We will next work out one or two 
examples: First, take the stator hav- 
ing a 6-in bore and 214-in. length of 
iron. This motor is good for 3 hp. 
at 1,800 r.p.m. When it is to be op- 
erated three-phase, 220 volts, 60 
cycles, the flux per pole equals (0.636 
xX 4.712 < 2.4 X 25,000) or 187,250 
lines. Then for a series-star connec- 
tion, T per phase equals (220 X 100,- 
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Table [V—Values of Pole Pitch for Different Bores and Poles 
S1= Pove Pircs 1n IncHEs S81 = Poe Pitcs 1n IncuHEs 
Bore Bore Bore Bore 
IN TIMES IN TiImMEs 
INCHES 3.14 2-Po.z | 4-Poxe | 6-PoLE INCHES 3.14 2-Po.E | 4-Po.E | 6-PoLE 
2% 7>85 3.975 1.987 1.325 6 18.85 9.425 4.712 3.141 
2% 8.25 4.125 2.062 1.375 6% 19.24 9.620 4.810 3.206 
2% 8.64 4.320 2.160 1.440 6% 19.64 9.820 4.910 3.273 
2% 9.03 4.515 2.257 1.505 6% 20.03 10.015 5.007 3.338 
6% 20.42 10.210 5.105 3.403 
3 9.42 4.710 2.355 1.570 6% 20.81 10.405 5.202 3.468 
3% 9.82 4.910 2.455 1.636 6% 21.21 10.605 5.302 3.535 
3% 10.21 5.105 2.552 1.701 6% 21.60 10.800 5.400 3.600 
3% 10.60 5.300 2.650 1.767 
3% 10.99 5.495 2.747 1.831 7 21.99 10.995 5.497 3.665 
3% 11.39 5.695$| 2.847 1.898 7% 22.38 11.190 5.595 3.730 
3% 11.78 5.890 2.945 1.963 7% 22.78 11.390 5.695 3.796 
3% 12.17 6.085 3.042 2.028 7% 23.17 11.585 5.792 3.861 
7% 23.56 11.780 5.890 3.926 
4 12.57 6.285 3.142 2.095 7% 23.95 11.975 5.987 3.992 
4\% 12.96 6.480 3.240 2.160 7% 24.35 12.175 6.087 4.058 
44% 13.35 6.675 3.337 2.225 7% 24.74 12.370 6.185 4.123 
4% 13.74 6.870 3.435 2.290 
44 14.14 7.070 3.535 2.356 8 25.13 12.565 6.282 4.188 
4% 14.53 7.265 3.632 2.421 8% 25.53 12.765 6.382 4.255 . 
4% 14.92 7.460 3.730 2.486 8% 25.92 12.960 6.480 4.320 
4% 15.32 7.660 3.830 2.553 8% 26.31 13.155 6.657 4.385 
8% 26.70 13.350 6.675 4.450 
5 15.71 7.855 3.927 2.618 8% 27.10 13.550 6.775 4.516 
5% 16.10 8.050 4.025 2.683 83% 27.49 13.745 6.872 4.581 
5% 16.49 8.245 4.122 2.748 8% 27.88 13.940 6.970 4.646 
5% 16.89 8.495 4.247 2.835 
5% 17.28 8.640 4.320 2.880 9 28.27 14.135 7.067 4.711 
5% 17.67 8.835 4.417 2.945 9% 28.67 14.385 7.192 4.795 
5% 18.06 9.030 4.515 3.010 9% 29.06 14.530 7.265 4.843 
5% 18.46 9.230 4.615 3.076 9% 29.45 14.725 7.362 4.908 
9% 29.85 14.925 7.462 4.975 









































000,000) ~ (7.385 < 187,250 x 60) 
equals 266 turns. As this stator has 
forty-eight slots, we will use a two- 
layer, diamond-shape mush _ coil. 
There will be forty-eight coils, or 48 
+ 3 equals 16 coils per phase. Then 
the turns per coil equal 266 ~ 16, 
equals 16.6 or sixteen turns will be 
close enough. 

By the table on page 232, a 3-hp. 
220-volt, four-pole motor will take 8.1 
amp. From Table I we find that a 3- 


















































Table V—Dimensions of Bare, Double-Cotton-Covered 
and Single-Cotton-Covered-and-Enameled Wire 
DIAMETER IN INCHES AREA 
S1zE 
B&S 
GAUGE BarE D. C. C S.C. & En. Sa. In. Circ. Min 
1 . 2893 .3073 06753 83690 
2 2576 .2756 05213 66370 
3 "2994 "2474 04134 52630 
4 . 2043 2223 03278 41740 
5 .1819 1999 02600 33100 
6 1620 1780 02062 26250 
7 . 1443 . 1603 01635 20820 
Ss .1285 .1425 01297 16510 
9 1144 1264 01028 13090 
10 .1019 1119 00815 10380 
il .0907 . 1007 LT 00647 8234 
12 .0808 .0908 .0875 00513 6530 
13 ‘0720 "0820 ‘0787 00407 5178 
14 0641 ‘0731 ‘0707 00323 4107 
15 ‘0571 0661 "0637 00256 3257 
16 .0508 .0598 .0573 .00203 2583 
17 0452 .0542 .0516 .00161 2048 
18 0403 ‘0493 0467 "00128 1624 
19 ‘0359 0449 0423 ‘00101 1288 
20 0320 ‘0410 "0382 00080 1022 
21 .0285 .0375 .0346 .00064 810.1 
22 .0253 .0343 .0315 .00050 642.4 
23 "0226 "0316 "0286 "00040 509.5 
24 "0201 0291 "0262 00032 404.0 
25 ‘0179 ‘0269 0239 "00025 320.4 
26 0159 0249 0219 000199 254.1 
27 ‘0142 "0232 "0201 "000158 201.5 
28 "0126 "0216 "0185 "000125 159.89 
29 "0113 "0203 0170 "0000995 126.7 
30 "0100 0190 0158 "0000789 100.5 
































hp. motor requires 600 circ. mil per 
ampere. This size of wire in circ. 
mil equals 8.1 X 600’ equals 4,860 
circ. mils. Then from wire Table 
V we find the nearest size is No. 
14 with 4,107 circ. mil or No. 13 with 
5,178. No. 14 will do, but if there is 
enough room in the slot for No. 13 
it would make a more efficient motor. 

The best method of determining 
whether an estimated size of wire 
can be wound is to insulate one slot; 
then cut up small lengths of wire of 
the gage size figured and fill the slot 
with the required number of turns. 
In this case we would try 2 X 16 
equals 32, No. 14 double-cotton-cov- 
ered wires. 

When the size of wire required is 
above No. 15 and it is desired to 
make a mush coil, the better proced- 
ure would be to double the turns, 
halve the size of wire and use a par- 
allel connection. This makes a coil 
that is easier to handle and shape. In 
this case we could use thirty-two 
turns of one No. 17 wire per coil 
and connect for two-parallel star. 

When a delta connection is used 
the amperes per terminal, as given 
in table, page 232, must be divided 
by 1.73 to get the amperes per phase. 
Or in the case just figured, 8.1 + 
1.73 equals 4.624 amp. Then the 


circ. mil required equals 4.624 x 600 
equals 2,774.4, or a No. 16 wire will 
do. 

Another and better method of fig- 
- uring the size of wire in circ. mil 
for a delta connection is to take the 
value given (Continued on page 258) 
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Detaits of three common types of 
motors used on small electric drills 
are described in this article. Be- 
cause these portable tools receive 
rough handling and operate at high 
speeds the service that they will give 
depends upon their maintenance as 
well as upon a suitable construction 
for the range of work done. Mr. 
Connell points out the practical 
ways that operating troubles can be 
avoided with portable drill motors 
that will drill steel up to 114 in. in 
















diameter. 


of Small 


Portable Drill Motors 


With Details of Brushes Required—Connections of 
Windings for Correct Polarity and Direction of 


Armature Rotation 


By EDWIN L. CONNELL 


Chief Engineer, Van Dorn Electric Tool 
Company, Cleveland, Ohio 


HE WORD “universal” as ap- 

plied to an electric motor is 

a short way of saying that 

the motor is designed to operate on 

either direct or alternating current 
of a specified voltage. 

There are two very important 
reasons for using such a motor in 
an electric drill. First, a portable 
machine of such general utility 
should run from the most convenient 
source of power at the point of use. 
This is, of course, the lamp socket. 
And second, portable drilling ma- 
chines ‘must be equipped with a 
varying speed motor that develops 
its maximum torque at standstill. 


The portable drill is called upon to 
drill in all kinds of material with 
bits varying within and, all too fre- 
quently, beyond the capacity of its 
chuck or socket. Hard spots in the 
material and oversize work require 
increased torque at reduced speeds, 
thus preventing stalling, breaking of 
bits and providing a working speed 
that more or less automatically ad- 
justs itself to the size of the bit. 
These are the characteristics of the 
series direct-current motor and the 
series, alternating-current commu- 
tator motor. The “universal’? motor 
is a series or alternating-current, 
commutator motor with no features 
that prevent its operation on direct 
current. 

The simplest type of universal 





motor differs from the direct-cur- 
rent series motor in details only. It 
consists of an armature that is iden- 
tical in construction with all direct- 


current armatures, connected in 
series with field coils mounted on a 
laminated core. The lamination of 
the complete magnetic path is neces- 
sary to eliminate destructive heat- 
ing in the iron when carrying an 
alternating-current magnetic flux. 
The ratio of the ampere turns in the 
field to the ampere turns in the ar- 
mature will be lower in this type of 
motor than is considered good prac- 
tice in direct-current motors. Fig. 4 
shows the ordinary field assembly of 
this simple type. 

The performance characteristics 
of such a motor are shown in Fig. 2. 
It will be observed that the problem 
of power factor enters when this 
motor is operated on alternating 
current. The reactance of the wind- 
ings causes the current to lag be- 
hind the impressed voltage and the 
power produced is correspondingly 
less than is produced on direct cur- 
rent at the same ampere input. The 
output for a given ampere input and 
the maximum output will always be 
less on a. c. than on d. c. and there 
will be a very great difference in a 
poorly designed motor. The. maxi- 
mum output is always lower on the 
higher frequencies, which explains 
why most manufacturers do not 
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Fig. 


| and 800 r.p.m. full load. 


1—Universal drill that 
takes sizes up to % inch and 
operates at 1500 r.p.m. no load 





Fig. 2—Performance curves (top) 
illustration) for a small salient 
pole type universal motor. 


Note that power factor enters when 
the motor is operated on alternating 
current and that the power produced 
is less than it is in d.c. operation. 








Fig. 3—Performance curves for a 
universal motor of moderate size 
with compensated field winding. 


In the larger sizes this type of motor 
is a serviceable design, but the no- 
load speed: should be kept reason- 
ably low to prevent self-destruction. 
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recommend such motors for opera- 
tion on frequencies over 60 cycles. 

There are two fundamental weak- 
nesses in the universal motor, both 
of which manifest themselves in 
poor commutating characteristics. 
The weak field and strong armature 
necessary for a tolerable output on 
a. c. produce high armature reac- 
tion. In other words, the magnetic 
field is deflected into the space be- 
tween poles and the coil undergoing 
commutation is moving in a mag- 
netic field detrimental to commuta- 
tion. Furthermore, on alternating 
current the field passing through the 
coil shorted by the brush at the 
moment of commutation induces a 
current in the coil which is only 
limited by the resistance of the coil 
and brush contact. It is, therefore, 
imperative that such motors be 
equipped with brushes having the 
highest contact drop consistent with 
the other characteristics required. 
Manufacturers of these motors have 
made extensive tests and they alone 
should be trusted in specifying 
proper brushes. Improper brushes 
may lead to short life of the arma- 
ture because they have too low a 
contact drop, because they are too 
hard, or because they are not abra- 
sive enough to prevent high mica. 
Extreme hardness is likely to accom- 
pany extremely high contact drop 
and too much abrasive action pro- 
duces destructive commutator wear. 
A brush that has a shunt connec- 
tion is always worth the extra cost. 


UNIVERSAL MOTOR WITH FIELD 
WINDING DISTRIBUTED IN SLOTS 


The second type of universal mo- 
tor is built with a field winding dis- 
tributed in slots, usually in concen- 
tric groups corresponding to the 
number of poles. The brushes are 
displaced against rotation from the 
neutral position so that part of the 
winding acts as a compensating 
winding. The armature reaction is 
thereby neutralized or reduced ap- 
preciably and the elimination of a 
large part of this armature flux re- 
duces the reactance of the armature 
and improves the power factor. How- 
ever, there will always be a field det- 
rimental to commutation in the path 
of the coil undergoing commutation 
and since a distributed field winding 
to produce a given magneto-motive 
force has a higher impedance than 
the equivalent single coil, a very 
small motor of this construction 
may be inferior to a well-designed 
one of the salient-pole type. 

The brush position with this dis- 
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Fig. 4—An ordinary field assembly 
for a universal motor. 








tributed field winding is very impor- 
tant and when adjustable should be 
carefully marked before disturbing 
it for repairs. 

This winding will usually be made 
by the skein method described by 
A. C. Roe in his article on “Wind- 
ing Split-Phase Motors” in the May, 
1922, issue of INDUSTRIAL ENGINEER. 
In the smaller sizes with six or eight 
slots per pole the skein will have the 
full number of turns per slot. The 
larger sizes may be wound more 
easily with a skein of half the re- 
quired turns, or a split skein. As 
such motors are usually bipolar 
there will be two such coils, each 
distributed in half the number of 
slots. They should be connected in 


series to give opposite polarity. To 
check this polarity, connect the ter- 
minals to a source of direct current 
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with a resistance in series to limit 
the current to a reasonable value 
and move a small compass around 
the outside of the coil ends. The 
needle should reverse when moved 
from pole to pole. The general rule 
is to connect the outside end of one 
pole to the outside of the other or 
its equivalent. Very often these 
two ends are not actually connected 
together but are connected to the 
brushes, thus completing the circuit 
through the armature. 


UNIVERSAL MOTOR WITH MAIN AND 
COMPENSATING FIELD WINDINGS 


The third type of universal mo- 
tor, the most practical in the larger 
sizes, has the distributed field wind- 
ing but does not depend upon the 
same coils for both main and com- 
pensating fields. The two sets of 
coils are placed in the slots inde- 
pendently in a manner very similar 
to the winding of a split-phase in- 
duction stator. The connection of 
these two windings is as shown in 
Fig. 5 for the direction of rotation 
indicated. The polarity of the com- 
pensating winding must be reversed 
with reversed rotation. 

Such a winding provides full 
compensation for armature reaction 
and excellent power factor and al- 
though quite satisfactory in sizes 
entirely impossible with the other 
windings, the short-circuit current 
is still present and is the real ob- 
stacle in the way of its complete suc- 








































Fig. 5—Connections for main wind- 
ing and compensating field winding 
for a universal motor. 


The compensating winding provides 
po armature reaction and power 
actor. 





cess in still larger sizes. Fortu- 
nately, however, the limit is beyond 
all reasonable power requirements 
for drilling in steel up to 1% in. in 
diameter. The performance char- 
acteristics of a motor of moderate 
size with this compensated field 
winding are shown in Fig. 3. 

The universal motor is inherently 
a high-speed motor and there is 
great temptation to resort to ex- 
treme speeds to obtain the extra 
power or light weight. Since these 
motors have series characteristics, 
the no-load speed is much higher 
than the working speed and should 
be always kept within reasonable 
limits. 

Of course, quality of construction 
has a great influence on the permiss- 
ible speeds, but with every-day, 
knock-about use and practical meth- 
ods of maintenance, the highest 
speed motors are likely to prove 
self-destructive. The universal drills 
on the market today will be found 
to have armature speeds within the 
range of 10,000 r.p.m. to 20,000 
r.p.m. The lower figure would be 
considered ultra-conservative in a 
small machine and the higher figure 
beyond the practical limit for the 
smallest portable drill. 

The average drill of 14-in. capa- 
city will develop a maximum output 
on 60 cycles of %o to %o hp. The 
light-weight, %%4-in. capacity drills 
will develop a maximum of % to % 
hp. The heavier type %-in. drills 
will average about % hp. and the still - 
larger sizes show a wide range from 
% hp. up. 





Fig. 6—Construction of a portable 
drill adapted for all around hard 
service that operates from 700 to 
300 r.p.m. 
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N ENGINEER in writ- 

Plans Work ing to us about a new 
Because They’re graphical plan for con- 
Worked trolling maintenance, which 
we hope to tell you more 











about later, said: “It 
works, but I have to make it work.” That in a nutshell 
is a good definition of the major portion. of a. mainte- 
nance engineer’s job. Often his task is to make some 
machine function more reliably or with less upkeep ex- 
pense, or a combination of both. The machine may 
work after a fashion, but not in the manner that it 
should. In such cases “making it work” is accom- 
plished by the solution of a series of problems. 

For instance, in this issue is described a case of bear- 
ing trouble in which the bearing sleeves had an average 
life of six weeks. A variety of bearings and lubrica- 
tion schemes were tried but all failed. This was 
through no fault of their own but simply because of 
the severe service and load conditions to which the bear- 
ings were subjected and were not designed to meet. 
The engineer in charge of operation and maintenance 
had to make this drive work. The ingenuity he dis- 
played in solving this problem by applying ball bear- 
ings and protecting them with a housing sealed with 
stuffing boxes, gives an insight into the general makeup 
of the live-wire maintenance methods he used in mak- 
ing a particular installation an efficient productive unit 
of the works organization. 





——— 
UST what good, old- 
Ford Plants fashioned thrift means 
Save around a large industrial 
. works is vividly illustrated 
Every thing by the work of the general 








salvage department in the 
Ford automobile plants. The salvage squads of this 
department hunt around for everything that is not used 
and generally termed scrap materials. They not only 


collect this material, but make repairs, remake and dis- 
pose of their collections at a return therefrom that runs 
into the astounding figure of nearly a million dollars per 
month. 
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Nothing is too small to handle. They take anything 
from a broken mop pail to a discarded factory building. 
The extent of the work is indicated by the salvage de- 
partment’s records, which show that about 400 tons of 
steel trimmings are disposed of every day, while 200 
tons of baled steel stampings and waste, and 150 tons 
of cast-iron borings are gathered up and converted into 
usable material. Other items in the daily clean-up in- 
clude about 10 tons of waste paper, 3 tons of factory 
sweepings, 2 to 8 tons of baled tin, hoops and wire, etc. 
About $1,000 worth of belting is reclaimed every day 
for use again or made up into leather aprons, mitts, and 
hand pads, or into gaskets and cup washers for pumps 
and the like. Repairs to broken tools run into a saving 
of nearly $700 per day and something like 2,000 gallons 
of oil per day are returned for reuse from passing steel 
turnings through centrifugal wringers. 

These are only a few of the salvage items, but they 
are enough to indicate the need of good housekeeping 
in a modern works where things are bought and used 
in large quantities by those whose job it is to make and 
assemble many small parts into a machine. 

Another interesting feature about this work is that 
it gives employment to men with ill health, those who 
have been crippled and others whose age may have re- 
duced their productive ability on other work. More 
than 400 such men are so employed in the Ford works. 
Here then are two things to think about; the revenue 
from salvage and a way of taking care of loyal employes 
on a basis that permits them to earn a wage and not 
feel that they are an object of charity. 





—————>—_— 
“NOMEONE has said that 
Lighting the most common thing 
From about common-sense is that 
Windows it is rather uncommon. 
The same might be said 











about good lighting in 
mills and factories, in daytime, through side wall win- 
dows. In Winter and Springtime when the sunshine 
is bright, the glare bothersome and the heat of the 
sun’s rays uncomfortable, shades are drawn or shutters 
and blinds are partially closed, reducing both ventila- 
tion and the lighting. With daylight varying in in- 
tensity from different windows on the different sides 
of a building and the shades drawn on one side in the 
morning and up on the other and vice versa ip the aft- 
ernoon, work is being done under varying intensities 
throughout the day and with the direction of maximum 
intensity varying. Discomfort and poor work is fre- 
quently the result, which is charged to the heat of sum- 
mer time or the ventilation of the working room. 
About good daylight lighting little has been written 
that is of as much practical value to a shopman as the 
information in an extensive paper presented before the 
last annual meeting of the Illuminating Engineering 
Society by H. H. Higbie and G. W. Younglove of the 
University of Michiganat Ann Arbor, Mich. The au- 
thors pointed out that about the only guide in the de- 
sign of natural lighting from windows is a few rough 
rules-of-thumb, such as included in the Society’s Re- 
vised Code of Lighting School Buildings: namely, “It 
is recommended that the room be so designed that no 
work space is more distant from the window than twice 
the height of the top of the-window from the floor” and 
that “tests of daylight in a well lighted school building 
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indicate that in general the window glass area does not 
fall below 20 per cent of the floor area. As the upper 
part of the window is more effective in lighting the in- 
terior than the lower part, it is recommended that the 
top of the glass be no greater distance than 12 in. below 
the ceiling.” 

Since many factories present working conditions sim- 
ilar to the school room with lighting in daytime en- 
tirely from side windows, these thumb rules are of in- 
terest, but there is a total lack of test data and recom- 
mendations on how to make the best use of daylight 
after the building is designed and different operations 
are being conducted therein that call for good lighting 
in daylight hours. 

Much information is available on artificial lighting 
and good practical use has been made of it but in 
Spring, Summer and Fall the longest working hours, 
except on dark days, are with natural lighting. And in 
some cases where there is an excellent lighting arrange- 
ment when using electric light, workmen on bright 
days are literally in the dark. ; 

We need more information that will help mills and 
factories to make the best use of shades, reflectors and 
deflectors of sunlight; more information on the best 
kinds of window glass, window sashes, paints and wall 
surfaces to make the best use under existing working 
conditions of daylight, the light source that costs us 
nothing and of which the supply is unlimited. 

In this issue an article appears that deals with the 
use of paint to improve reflecting surfaces under both 
daylight and artificial lighting. We hope that some of 
our readers will assist us further in the discussion of 
this subject by reporting any investigations they have 
made along the lines of the practical information to 
which attention is called here. 





—__—__—_ 
Don’t Cut N THE following words 
a power transmission 
The Pattern engineer recently called at- 


tention to an oversight that 
is undoubtedly often made: 
“Many plants could, when 
they are putting up new buildings or making additions 
thereto, save a good deal of bother and expense if proper 
provision were made at the time the building is erected 
for putting up shafting, pipe lines, conduit and so on.” 
By way of explanation he pointed out that in many in- 
stances the plans drawn by the architect or designing 
engineer cover only the building proper. When the 
conduit, water, gas, steam and other lines are installed 
the foreman of each gang lays out and does his part of 
the work according to his own notions. Usually he runs 
his lines in what is, for him, the easiest and most con- 
venient way, without regard for other equipment. 

The result is that when the power transmission engi- 
neer comes in to do his work he is forced to use all sorts 
of expedients in order to get room to place the line- 
and countershafting, pulleys and so on where they 
should go. Oftentimes it is necessary to put in a good 
deal of expensive ground-work, which would not be 
needed if more foresight had been exercised and the 
work of the various departments properly co-ordinated. 

The best time to make provision for supporting shaft- 
hangers and similar equipment is when the building is 
being erected. In any event, the installation of such 
equipment should be given early attention, for the rea- 
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son that lines of shafting can not be so readily adapted 
to fit conditions as can conduit and other pipe lines. 
The latter can, when necessary, be run around obstacles | 
without much difficulty. This is not true, however, of 
shafting. Consequently, when making new installa- 
tions, or rearranging old ones, time and expense will 
be saved by putting up the shafting first and running 
the pipe lines around it, rather than by trying to make 
the shafting dodge something that can be more easily 
changed. 





ne 

; EVERAL _ interesting 

One Chief letters have been re- 
and ceived commenting on the 


organization of operating 
and maintenance work in 
industrial works as out- 
lined by readers in the February issue of INDUSTRIAL 
ENGINEER. The following excerpt is from a letter that 
carries proof of the point brought out as well as con- 
viction: 

It has been. my experience as an electrical engineer 
that a plant can be operated more economically and with 
minimum friction between employees if the plant is under 
one head. There is an enormous waste of energy in many 
plants today, due to jealousy and friction in the various 
departments when they are under different heads. When a 
plant is 100 per cent electrified, either by purchased power 
or power generated locally, the electrical engineer should 
be fully qualified to take charge of the plant from the 
boiler room to the finished product. 

For instance, in the cement industry, with which I am 
connected at present, I was recently called into one plant 
where there was a low power factor and an excessive 
energy cost in kilowatt-hours per barrel. I found that 
several motors from 112 hp. to 250 hp. were operating 
twenty-four hours per day, while with proper management 
the same amount of material could be produced in a ten- 
hour day. This plant was divided into different departments 
with a master mechanic, general foreman and foreman in 
charge. Under this form of operation I could not get the 
desired results until I finally placed the proposition before 
the management and secured entire charge of all depart- 
ments. From then on it was impossible for the various 
foremen to pass the buck one to the other and we actually 
accomplished in ten hours what formerly had required 
twenty-four hours. 

I worked with my men throughout the plant paying 
special attention to shaft alignment, bearings, the grinding 
conditions of various mills, watching the attendants oper- 
ating the mills at their maximum load, with the result that 
we increased the power factor of motor operation with an 
induction load from 78 to 90 per cent with no power factor 
correction machinery. This reduced the kilowatt-hours per 
barrel of cement produced, increased the total output and 
decreased the mill-hours run. 

The point I wish to make in this connection is, that to 
obtain economy and efficiency in the average plant the engi- 
neer in charge should familiarize himself with production 
details and specialize in the operating details of the industry 
he is engaged in to make sure that he is eliminating all 
wasteful energy. From my experience in various plants I 
cannot conceive of a better method of elevating the position 
and responsibility of electrical and mechanical engineers 
than to take this stand if they desire to make a success of 
their profession. 


In general, “what’s everybody’s business is no- 
body’s business,” so that if we were forced to take sides 
on this matter of operating responsibility, we would 
favor that organization lineup which calls for one 
general supervising head who is the last word in oper- 
ating methods and procedure with capable assistants in 
charge of the main divisions of work, as outlined in the 
organization diagram that appeared on page 14 of the 
January, 1924, issue. The titles of assistants to the 


| Capable Assistants 











chief matter little; it’s the responsibility that counts, 
but suitable titles are suggested in that diagram. 











and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fe when he asks a 
question that you can 


answer from your ex- 


Who Can Answer 
These? 


Transformer for Testing Three-Phase 
Motors—Will some of your readers tell 
me if it is possible to build a step-up 
transformer, from 220 to 550 volts, with 
open cores? I want a transformer of 
about 5-kw. capacity that we could 
build in our shop, for testing three- 
phase motors. The efficiency of the 
transformer need not be taken into 
consideration in the design. 

West Lynn, Mass. L. B, A. 


ese? 8 


How Many Coils Can One Man Install in 
a Day?—I should like to have the opin- 
ion of readers of INDUSTRIAL ENGINEER 
on the following question: About how 
many coils installed in Westinghouse 
type CCL, three-phase, semi-closed slot 
stators of 75- to 90-hp. rating would be 
considered a good day’s work for one 
man. Assume that he works eight 
hours a day and that all coils are taped 
at both ends, with the phase coils 
double-taped. Your comments will be 
much appreciated. 

Douglas, Ariz. 2, Bo ew 
s s e s 


Lining Up Gears and Pinions—I would 
like to know some of the methods that 
readers of INDUSTRIAL ENGINEER uSe in 
lining up spur and bevel gears. How 
can I tell whether the gears and 
pinions are meshing too deeply or not 
deeply enough? I know how it should 
be done theoretically, but I would also 
like to know how it is done practically, 
out on the job. 
Youngstown, Ohio. H. H. 

» * a * 


Trouble with Single-Phase Motor—I have 
a %-hp., 110-volt, 60-cycle, single- 
phase induction motor of the split- 
phase starting type, having its wind- 
ings on the rotor and the squirrel cage 
on the stator. This motor recently 
showed evidence of heating when run- 
ning on light load and finally refused 
to start, even without load. On testing 
the windings, they were found to be 
free from opens, shorts and grounds. 
The centrifugal switch functions all 
right but shows burning at the contact 
points. The bearings were renewed 
and the contact points cleaned, after 
which the motor started on no-load 
when first reassembled, but after that 
it again refused to run. The rotor was 
free in the bearings and did not rub on 
the stator, also the brushes were oper- 
ating all right. Will someone suggest 
what may be the cause of the trouble? 
Newark, N. J. H. M. 


Why Does This Watt-Hour Meter Run 
Backwards?—I have a 150-kw. motor- 
generator set driven by a synchronous 
motor which is operated from a 2,200- 
volt line. When the set is started why 
does the watt-hour meter run back- 
wards? The fact that it does run back- 
wards surely does not mean that no 
power is used in starting. (2) When 
this machine is running at no-load 
should the ammeter on the exciter be 
adjusted so that the watt-hour meter 
runs very slowly, or so that it stands 
still? (3) When the watt-hour meter 


runs backwards, as mentioned, what is 
the cause of the trouble and what will 
be the effect? Willit harm the machine 
in any way? I shall appreciate any 
information which your .readers can 
give me on these points. 

Beaverdale, Pa. McA. Ts. 


Rewinding 6-Volt Motor for 110 Volts— 
I have a Gray & Davis 6-volt d.c. motor 
which I would like to convert into an 
electric drill to operate on a single- 
phase, 110-volt, 60-cycle circuit. Is it 
possible to rewind this motor? It is 
equipped with a brush rocker and 
brush spacing device. 

Logansport, Ind. L. E, G. 
e s s s 


What Kind of Clutch Should Be Used 
Here?—I should like to get your opin- 
ion on a clutch to be used for driving 
amine fan. The sketch shows what 
we have at present, but it is not very 
satisfactory, due to the flywheel effect 
of fan and pulley, which causes ex- 
cessive wear on the square-jaw clutch 
and results in back-lash at every 
stroke of the engine. 

Motor 
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The engine is rated at 250 hp. at 175 
r.p.m. and operates at full capacity, 
in one direction only. The clutch is 
used so that the engine may be thrown 
out part of the time and the fan 
driven by a 250-hp. motor belted to 
the pulley. 

What type of clutch could I get that 
would fit into these dimensions and 
be able to carry the load? 

Bicknell, Ind. H. S. B. 
s*séthUC<iaeé‘( ts 


Air Filter for Intake of Air Compressor 
—I should like to get a little informa- 
tion from someone who may be in- 
clined to lend a helping hand. The 
plant where I am employed has in- 
stalled two feather-valve air compres- 
sors. These compressors are subjected 
to coal dust, coal smoke and sand and 
we are having trouble with the valves. 
After cleaning them they operate 
satisfactorily for about 24 hours, and 
then begin to hang and stick. 

1 someone please give me com- 
plete details of a suitable screen or 
air filter that I could make and use 
on the intake of these compressors? 
Norfolk, Va. W. B. E. 


Qoitienl CAC 


Answers Received 


To Questions Asked 


Winding Data for Type KT-4, General 
Electric Motor—Will some of the read- 
ers of INDUSTRIAL ENGINEER kindly tell 
me the proper winding for a type KT-4, 
form C, General Electric motor, No. 
678120, 3 hp., 1,800 r.p.m., 220 volts, 60 
cycles? What size wire should be used 
and how should the coils be connected? 
I wish to have this motor operate on 
50 cycles. Should any change be made 
in the original winding? 

Pasadena, Calif. 8. °3B, 8. 

_ Referring to the question by H. B. S. 

in the March issue of INDUSTRIAL ENGI- 

NEER, the 220-volt, 60-cycle data for a 

type KT-4, Form C, three-phase, 1,800 

r.p.m. motor is: thirty-six coils of 

thirty-four turns of one No. 17 single- 

cotton-and-enameled wire. The pitch 
should be 1l-and-7 and the coils con- 
nected 2-parallel-star. 

For 50 cycles, 220 volts, the coils 
should be wound with forty-one -turns 
of one No. 18 silk-covered-and-enam- 
eled wire. The pitch should be 1-and-7 
and the coils connected 2-parallel-star. 
The new rating would be 2% hp., at 
1,500 r.p.m. 


Detroit, Mich. A. C. Ror. 


* * %* * 


Removing Flange Couplings from Line- 
shafting—In the rearrangement of a 
group of machines, it was necessary to 
remove some solid pulleys from a line- 
shaft and replace them with others. This 
necessitated removing and replacing the 
flange couplings. We were not able to 
replace them so that they would run 
true and had to turn them down. I 
would like to know how other readers 
remove and replace flange couplings on 
lineshafts. 

North Chicago, IIl. G. F. H. 

Answering the question asked by 
G. F. H. in the April issue, possibly the 
trouble which appears to be in the 
coupling is really in the shaft; it may 
be out of line or level. 

If the flanges had been prick-punched 
before removal they would likely go to- 
gether properly; in fact, they may have 
been so marked on their edges, but the 
marks were not found. I would recom- 
ment a good cleaning of the coupling 
and a close search for file cuts or punch 
marks before any turning down is done. 

Then again, if it is impossible to line 
up the two parts of a coupling exactly 
they could be separated anywhere from 
1% in. to 1 in., leather discs inserted be- 
tween them and then bolted tightly to- 
gether, if the load is not too heavy. A 
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coupling altered in this way will be 
more or less flexible. If the shaft is 
traveling fast, say over 150 r.p.m., it 
would be safer to place a hanger on 
each side of the coupling so that in case 
the leather should tear apart the shaft 
ends, being very short, could not bend 
at right angles and whip around, due 
to centrifugal force. 
New Britain, Conn. 


* * * * 


H. S. RicuH. 


Portable Electric Grinder Lacks Power— 
I shall appreciate it if some of our read- 
ers will answer the following questions. 
I have a single-phase portable grinder 
which has two windings, starting and 
running, but the motor does not seem to 
have sufficient power when grinding. I 
should like to know if this motor could 
be re-connected for three-phase opera- 
tion, eliminating the automatic cutout on 
the rotor. The motor has twenty-four 
slots 54 in. deep and in. wide. The 
iron back of the slots is % in. thick. In- 
side diameter of stator is 3% in., length 
of stator 2% in., diameter of rotor 37 
in. If this change is possible, what size 
wire and how many turns should be used 
and what will the pitch be? I should like 
to have it operate at 3,600 r.p.m. 

I have a small blower motor which 
operates at 220 volts direct current and 
wish to change it to operate at 110 
volts direct current. Will I have to 
reconnect the armature or should it 
be entirely rewound. The commuta- 
tor has twenty-four bars and the arma- 
ture has twelve slots. 

Medina,. Ohio. C.F N. 


In reply to the question asked by 
C. F. N. in the March issue, the motor 
for the portable grinder can be re- 
wound and connected for three-phase 
operation. I would suggest that he 
use No. 21 gage wire, thirty-two turns 
per coil with a coil spread of six slots, 
making a coil occupy slots 1 and 7. 
There will be twenty-four coils, eight 
coils per phase, four coils per phase 
per pole, as the motor will have two 
poles. It will develop approximately 
8,600 r.p.m. The winding should be 
— series-star for use on 220 
volts. 


Muncie, Ind. GEORGE CROPPER. 


SS o8 1s 


What Causes this Magnet Switch to Stick? 
—We have on a crane hoist a 440-volt 
a.c. magnetic limit switch which fails to 
open about one-half of the time when the 
current is taken off the magnet coil. Al- 
though the core is laminated, there is ap- 
parently enough magnetism left to hold 
the switch in. All of the working 
parts are clean and free. Will some- 
one kindly suggest a remedy for this 
trouble? 
Selby, Calif. Je D.C. 
In answer to J. T. C. in a recent 

issue I believe his trouble can be reme- 

died quite easily. If the armature, the 
element which moves in the core of the 
solenoid, is examined it will likely be 
found that the brass shell is worn 
through or is very thin, thus allowing 
the residual magnetism to hold the 
switch closed. Either the core center 
is protected by brass or the plunger is 
brass covered, so that iron will not ad- 
here to iron. Renew or thicken: the 
brass shell and better results will 
likely follow. If the coil has a lami- 
nated keeper, it is probable that the 
copper rivets on the face of the latter 
are worn down, so that the two sec- 
tions come too close together in ac- 
tion. The release may be designed to 
be hastened by a spring which, however, 
may be too weak to open the switch in- 
stantly when the power is off. Without 
knowing the shape of the coil controll- 
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ing the switch, it is hard to cover all 
details when suggesting a remedy. 
New Britain, Conn. H. 8S. Ricu. 





* * * * 


Supporting Load from Concrete Ceiling— 
In the rearrangement of the plant with 
which I am connected, we frequently find 
it necessary to suspend conveyors, motor 
platforms, countershafts, heavy radiators, 
and similar equipment from the ceiling 
of a reinforced concrete building. I am 
wondering if any of the readers of IN- 
DUSTRIAL ENGINEER have any information 
on how heavy a load can be supported 
from expanded bolts. I would also like 
to find out what other readers consider 
the best method of fastening equipment 
to the ceiling. 

Chicago, Ill. E. D. F. 

Referring to E. D. F.’s question in 
the April issue, the use of expansion 
bolts is too uncertain when heavy 
weights must be supported, particu- 
larly if there is much vibration as with 
shafting, motor platforms, etc., as too 
much depends on getting exactly the 
right diameter of hole. 
| A very convenient and inexpensive 
way of providing for the support of 
pipes and other light-weight fixtures is 
to set strips in the beam forms at the 
time the beams are poured and thus 
leave a groove on each side near the 
bottom. For heavier work, some of the 
patented, steel T-groove sections are 
excellent, although they are expensive 
if the whole building is to be equipped 
for future requirements. 

I suspect, however, that E. D. F.’s 
case is like our own and that most of 
the beams and floors have no provision 
made for attaching anything to the 
ceiling. For a beam ceiling, we have 
found the scheme shown in the illustra- 
tion very satisfactory for shaft hang- 
ers, etc. A %%-in. by 2-in. bar is forged, 
for a portion of its length, into a %-in. 
round bar and threaded. Two of these 
threaded straps are used on each beam, 
the two being held by %-in. bolts, 
placed close together at the center of 
the beam. For heavier work, the size 
of the straps and bolts can be corre- 
spondingly increased, being careful, 
however, not to load the concrete beams 
unduly. We have a heavy crane mono- 
rail supported in a similar way with 
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Threaded straps bolted to the con- 
crete ceiling beams, are a conven- 
ient means of supporting moder- 
ately heavy loads. 
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angle-iron brackets and used for loads 
of five to ten tons with entire satisfac- 
tion. 

For general purposes, however, if the 
floor above is accessible a through-bolt 
with a fairly large washer, sunk so 
that the top of the head comes flush 
with the floor, and with the opening 
patched with grout in which about 25 
per cent of the sand has been replaced 
with fine, cast-iron chips, will make a 
very satisfactory job. We have some 
very heavy trucking on concrete floors 
and find that such patches, if of reason- 
able depth, are stronger than the origi- 
nal floor. 

Care must be taken in drilling both 
beams and floors to use sharp-pointed 
drills and strike light blows, particu- 
larly when breaking through, so as 
not to flake out big pieces and weaken 
the structure. 


Plant Engineer, H. D. FisHer. 
New Haven Pulp and Board Co., 
New Haven, Conn. 


* * * * 


Installing Signal Lamp on Single-phase 
Electrie Furnace—Can any of our read- 
ers tell me how to install a signal lamp 
on a single-phase electric furnace? 

There is a switch on the primary side 
of the transformer that furnishes current 
for the furnace, and I wish to find some 
way of installing a light between the 
top carbon electrode and the bottom con- 
tact, so that when the switch is released 
by a short circuit from a piece of metal 
falling against the carbon electrode, we 
can tell by this light whether the elec- 
trode has been raised high enough to 
break contact with the metal, before 
throwing in the switch. 

The winding in the transformer forms 

@ permanent circuit, so that we cannot 

apply any outside source of current to 

operate this light. It would save us con- 
siderable money if we were able to con- 
nect up a light of this kind, as the cost 
of carbon electrodes and contacts for the 

switch runs into considerable money. I 

shall appreciate very much any sugges- 

tions which you can give me. 

Michigan City, Ind. Ee. VW. Es. 

Answering P. V. H.’s request in the 
March issue, he does not give the volt- 
age of the power supply, but I will 
try to cover three possible conditions. 
These are only suggestions, but I be- 
lieve that they are worth trying, which 
can be done at small cost. 

If the power supply is 220 volts, con- 
nect one 110-volt lamp around, or- in 
shunt, with each side of the main 
switch, thus putting the lamps in series 
with the furnace transformer. If there 
is a short across the electrodes the 
lamps will burn brightly; otherwise, 
they will burn dimly. The larger the 
lamps used, the better they would in- 
dicate. In any event, the lamps used 
should all be of the same wattage. 

For a 440-volt supply, two lamps 
should be connected in series around 
each side of the main switch, as indi- 
cated above. f 

If your supply is 2,200 volts or over, 
it would be necessary to use a small 
transformer with the primary wound 
for the supply voltage. The primary 
of this transformer should be shunted 
around one side of the main switch in. 
series with the main transformer, with 
the secondary connected to a pilot 
lamp. It would, of course, be neces- 
sary to shunt a suitable switch around 
the other side of the main switch in or- 
der to complete the primary circuit 
when testing. 

If desired, a voltmeter could be used 
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in place of the lamps in the foregoing 
schemes, with just as good or perhaps 
better results. C. L. HARTMAN. 
The Hartman Electrical Works, 
Greeley, Colo. 

* * x * 


Effect of Armature Coil with Reversed 
Polarity—Sometime ago this question 
was raised in our shop: Will a re- 
versed polarity coil in. an armature 
burn out while running or what effect 
will it have on the armature? 

I contend that in order to burn out a 
coil a heavy current must flow in that 
coil, which could only be caused by a 
short circuit. As all coils are connected 
in series, current of the same amount 
would flow in each; if one were reversed 
it would oppose the action of the others 
and having only the same amperage 
through it as the others it could only 
oppose with the strength of one coil, and 
would neutralize one armature coil. 

I should like to hear from some of the 
readers of INDUSTRIAL ENGINEER on this 


question. 
McKeesport, Pa. E. K. 


Answering E. K.’s in the February is- 
sue of INDUSTRIAL ENGINEER, you are 
right in saying that when two or more 
coils are in series the same current 
flows through them all. This being the 
case the reversed coil will not be heated 
any more than the remaining coils in 
the series. Also you are correct in 
your inference that one reversed arma- 
ture coil will neutralize one other coil. 
I might add that when the machine is 
running as a motor, a reversed coil in 
the armature would tend to turn the 
armature in the opposite direction. 
Theoretically, this will lessen the 
torque of the motor but in practice this 
effect might not be noticed as there 
are many coils in most commercial ar- 
matures. 

When the machine is running as a 
generator a reversed armature coil will 
produce less voltage than the other 
side. Therefore, there will be cross 
currents in the armature which may be 
the cause of a noticeable rise in tem- 
perature. 
Concord, Mass. DONALD FERGUSON. 
* * * & 


Winding Data for Rotor of Repulsion- 
Induction Motor—Can someone tell me 
the correct way to wind the rotor 
of a single-phase, repulsion-induction 
motor which has four poles and four 
brushes? The motor appears to be 
about 1 hp. The nameplate is missing, 
but the motor has thirty-four slots 
and seventy-six bars. The coils have 
four turns, wound two in hand, using 
No. 13 d.c.c. wire. The coil pitch is 1 
and 9. Nine pairs of the bars were 
shorted, I believe in the order X, 7X, 
Cx, WH, BA, 7X, 6X, TX, BK, 6,. the xX 
representing a shorted pair of bars. I 
have tried six or seven common pitches 
without success, the motor locking at 
certain points in each case. Is it im- 
possible to start up with this commu- 


tator? 
Lewistown, Pa. GB#: 


In answer to G. R. F.’s question in 
the March issue, the motor in question 
has only thirty-four slots and there- 
fore when a 76-bar commutator is used 
there will be eight bars too many. In- 
asmuch as the number of bars must be 
odd when the number of coils per slot 
is even, it follows that there will be 
a dead coil and one more bar, nine in 
all, will have to be idle. When laying 
out this winding, first short the bars 
as shown in the drawing and space 
them evenly. 

When this is done consider each pair 
of shorted bars as one bar, when count- 
ing off the lead pitch, which can be 1- 
and-34 or 1l-and-35. Failure to con- 


7 \% 
os Nee GPL File. 
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67 Active Bars 
1 Dead Coil 
Lead Pitch 


When laying out and connecting 
this winding each pair of shorted 
commutator bars should be consid- 
ered as one bar. 





sider and use the shorted bars as one 
bar is what has caused the trouble 
mentioned by G. R. F. 


Detroit, Mich. 
2 ee 


A. C. Rog. 


Tire Heater for Wheels of Mining Loco- 
motive—I should like to know where I 
can obtain a device for heating the 
tires for removal from the wheels of 
mining locomotives. The wheels are 
about 14 in. in diameter. I should pre- 
fer some device that, if possible, will 
not require the removal of wheels from 
under the locomotives in order to take 
off the tires and can use kerosene or 
gasoline as a fuel. If any reader of 
INDUSTRIAL ENGINEER has made an outfit 
which will do this work I shall appre- 
ciate it if he will give me details. 
Kildav, Ky. Cues 
In a recent issue of INDUSTRIAL ENGI- 

NEER, C. F. K. asked for details of a 

tire heater for mining locomotive 

wheels. Perhaps he can use the heater 
described below, which I made and 
have used with good results on wheels 


up to 72 in. in diameter. 


Ye" Pipe For Small Work 
<To Air Supply |, Air Valve to Burner = Ya" +d Bent 


") inCircle 


Gascline Tank 





42" Holes on 3" Center 


Construction of simple heater for 
removing tires from small loco- 
motive wheels. 





As will be seen from the illustra- 
tion, this heater is very simple, con- 
sisting essentially of a circular burner 
and a gasoline tank. The burner is 
made from a piece of %-in. pipe bent 
into a circle about 4-in. in diameter 
larger than the diameter of the wheels 
on the locomotive. Around the inner 
surface of the burner are a large num- 
ber of 1/32-in. holes drilled on 3-in. 
centers. One end of the pipe is capped 
and the other is connected by a %-in. 
rubber hose to the compressed air line 
and the gasoline feed line. 

A 5-gal. gasoline tank will be large 
enough for small work. The air in the 
gasoline tank should be kept at about 
70 lb. pressure to insure satisfactory 
results. 

When operating this heater, be sure 
to open the air valve to the burner be- 
fore turning on the gasoline feed valve. 
Both valves should be regulated accord- 
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ing to the amount of heat required. In 

shutting off the heater, close the gaso- 

line feed valve first. 

Chief Electrician, EARLE N. DILLARD. 

Booth-Kelly Company, 

Springfield, Oregon. 

* * * * 

Winding Data for 15-hp.Motor—Will some 
reader of INDUSTRIAL ENGINEER please 
show me how to figure the winding of a 
motor in which the outside diameter of 
the stator lamination is 17 in., and the 
inside bore is 12% in. The axial length 
of the core is 4% in. The primary slots 
are i% in. deep and the slot width is % 
inches. The tooth width is 4 in., and 
there are seventy-two slots. I want this 
motor to have six poles and develop 15 
Fayetteville, N. C. B.A. K. 
In answer to E. A. K. in the January 

issue, in order to calculate the winding 

from the data given, the first step is 
to check the amount of iron in the core 
to determine if the required rating can 

be secured. Horsepower = K x D’ x 

LX r.p.m., where K = .00002755, D= 

diameter of bore, L=—length of bore. 

Then horsepower = .00002755 x 12.5 x 

12.5 & 4.5 & 1,200 = 23% hp., approxi- 

mately. The frame is thus of ample 

size for the rating required. 

Next, the cross section of iron below 
the slot is determined as follows: The 
outside diameter of the core, 17 in., 
minus the bore, 12% in., divided by 2, 
equals 2% in. Then 2.25 minus the 
depth of slot, or 2.25 —1.25 =1 in., or 
depth of iron under the slots. The cross 
section in square inches equals Lx 
depth, or 45 X1—4% sq. in. As the 
total flux per pole is divided into two 
paths the total cross section is 2 x 4% 
sq. in. or 9 sq. in. 

Next, the total flux per pole must be 
determined. This is based upon the 
magnetic density allowable in the core 
below the slots. This density runs be- 
tween 80,000 to 100,000 magnetic lines 
of force per sq. in. For the case in 
hand a density of 90,000 lines per sq. 
in. will do; or the total flux per pole 
equals 9 X 90,000, or 810,000 lines per 
pole. 

Next, the turns per phase can be 
found by the formula: T = (E, 4 
10°) + (4.44 x flux x f x K), where 7 
equals turns per phase, (f) is the fre- 
quency of the circuit, and (K) is the 
distribution factor, which depends upon 
the number of slots per pole per phase. 
(E,,) is the volts per phase and is equal 
to the line voltage in a series-delta 
connected winding and to line volts 
+ 1.73 for a series-star winding. Then 
assuming a 220-volt line and a series- 
delta connection the turns per phase 
equal (220 100,000,000) + (4.44 x 
810,000 « 60 & .958) = 108 turns or as 
there are seventy-two coils there will 
be 72+3=—24 coils per phase and 
108 + 24—4% turns per coil. As it 
is impossible to have 4% turns per 
coil the only alternative would be to 
use 4 five-turn coil and reduce the coil 
pitch. 

There are 108 turns per phase; then 
each turn develops 220 + 108 = 2.037 
volts. With five turns per coil there 
would be 5 * 24= 120 turns per phase 
or, 120 X 2.037 = 244.44 volts per phase. 
Then the chord factor required to re- 
duce this voltage to 220 would be 
220 + 244.44, or .90001 which is the sin 
of 64 deg. 10 min. or an angle of 128 
deg. and 20 min. Now the electrical de- 
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grees below slots equals 72-6 —12 
slots, and 180 deg. +12—15 deg. The 
coil pitch equals 128 —~15=—8.5, or 9. 
Then a 1-and-10 pitch could be used; 
the chord factor would be the sin of 
(9 X 15 + 267) deg. 30 min. or .92388, 
and the line voltage would be 244.44 
.92888 = 225.8 volts, which is close 
enough. 

The size of wire is next found. For 
a machine of this size an allowance of 
750 circ. mil per amp. is good practice. 
A 15-hp., 220-volt, three-phase motor 
will draw about 40 amp. per line; then 
the amperes per phase for a series- 
delta connection will be 40 ~— 1.73 = 24 
amp. Then 24 <x 750 = 18,000 circ. mil 
required. One No. 8 wire has an area 
of 16,510 circ. mil and one No. 7, 20,820 
circ. mil. Two wires in parallel woule 
make a better coil to wind; then each 
wire would have 18,000 + 2 —9,000 circ. 
mil, corresponding to a No. 11 wire. 
Checking the slot to see if 2x5 
2=20 No. 11 wires would fit in each 
slot, 10 high by 2 wide, the diameter 
of one No. 11 d.c.c. wire, is .10075 in. 
and two would be 2 < .10075 in. = .2015 
in. The slot is .4375 in. wide; then 
.4875 in. —.2015 in. = .236 in. for slot 
insulation, which is ample for 220 volts. 
The height equals 10x .10075 in. = 
1.0075 in.; 1.25—1.0075 = .2425 in. 
which indicates that a larger size wire 
can be used. A No. 10 wire has an in- 
sulated diameter of .112 in., or .224 in. 
for two. This still leaves ample room 
for slot insulation. Next checking the 
height, 10 & .112 = 1.12 in. which leaves 
1.25 — 1.12 = .13 in. clearance. 

Then the stator winding data will be 
seventy-two, diamond-shape pulled coils 
of five turns of two No. 10 d.c.c. wires 
in parallel, pitch 1 and 10, connected 
series-delta in eighteen groups for four 
coils per group. 

Detrott, Mich, . A. C. RoE. 
+e, #4 


Operating 60-Cycle Repulsion Motor on 
25 Cycles—I have a %-hp., 110-volt, 60- 
cycle, single-phase repulsion motor with 
a new winding in the rotor. The only 
current available here is 110 volts, 25 
cycles. I wanted to test this motor out 
and when I connected it to the line it 
would start nicely, but as soon as the 
mechanical switch cut out the rotor 
would stop instantly, as nearly as I 
could see. Then just as soon as the 
brushes got back on the commutator 
the rotor would immediately start and 
then stop again and so on. 

The coil pitch and commutator con- 
nections are the same as in the old 
winding. I have checked up the wind- 
ing for shorts and polarity and it ap- 
pears to be all right. I should like to 
know (1), if the motor will run satis- 
factorily on 60 cycles. (2) What makes 
the motor start and stop this way on 
25 cycles? I shall appreciate any sug- 
gestions which readers of INDUSTRIAL 
ENGINEER can give me. 

Massena, N. Y. F. A. 


In reply to F. A.’s question in the 
March issue, a single-phase induction 
motor which starts on the repulsion 
principle has series-motor characteris- 
ties while starting and when the me- 
chanical governor operates it converts 
the motor into an induction motor, 
with constant-speed characteristics. As 
a series-type motor the speed will rise 
to the point necessary to operate the 
governor regardless of the frequency, 
but when the governor acts the motor 
becomes an induction motor with a 
definite speed determined by the fre- 
quency. Assuming that this is a four- 
pole motor, the governor will be set to 
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operate at about three-fourths syn- 
chronous speed or 1,350 r.p.m. on 60 
cycles. When this motor is started on 
25 cycles the governor will act at this 
speed, whereupon the motor is con- 
verted into an induction motor with a 
maximum speed of 750 r.p.m. The ro- 
tor will be jerked down to this speed 
by the braking action on the rotor, 
due to the tendency to operate as a 
generator. This motor would burn up 
on 25 cycles, even if the governor were 
re-set. The flux density would tend to 
increase in the ratio of 60 to 25 and 
the exciting current would become de- 


structive. 


Electrical Engineer, E. L. CoNnNeELL. 
Van Dorn Electric Tool Co., 
Cleveland, Ohio. 


* * %* * 


In answer to the question asked by 
F. A. in the March issue of INDUSTRIAL 
ENGINEER, I believe his motor will run 
on 60 cycles, 110 volts when the start- 
ing mechanism is properly adjusted. 
The motor he describes is not a repul- 
sion motor except when starting. This 
motor, together with some Wagner, 
Century, Westinghouse, and _ other 
makes of motors, uses the repulsion-in- 
duction principle on starting and em- 
ploys a mechanical device operated by 
centrifugal force to push the brushes 
away from the commutator and at the 
same time short-circuit the commuta- 
tor from within when the motor attains 
synchronous speed. It then operates 
as an ordinary induction motor. 

If F. A. will examine this starting 
mechanism he will probably find that it 
is dirty or out of adjustment and that 
the commutator is not being short-cir- 
cuited, which causes the brushes to 
drop in again for a new start. Take 
into consideration the fact that his 
testing circuit is only 25 cycles, he can 
only expect 25 divided by 60, or ap- 
proximately 41 per cent of the 60- 
cycle speed, which I do not believe is 
enough to operate the starting mech- 
anism properly. Also, at 25 cycles, 110 
volts is much too high a voltage and 
if it were applied long enough it would 
likely damage the winding. 

It will be well, however, to examine 
the starting mechanism to make sure 
that it is not dirty or binding any- 
where. If it was not disassembled from 
the armature during the winding pro- 
cess, it is probably gummed up with in- 
sulating varnish. 

San Angelo, Tex. CurTIS EBNER. 
* * * * 


With reference to F. A.’s question 
in the March issue, from his description 
of its performance it is apparent that 
this is a repulsion-start, induction-run 
type of machine, and that the trouble 
is due principally to the motor being 
operated on a frequency below rating, 
with the short-circuiting mechanism 
adjusted for 60-cycle operation. Dur- 
ing the starting period the machine op- 
erates as a repulsion motor and dis- 
plays characteristics similar to those 
of a series type (without load), in that 
a speed may be attained which greatly 
exceeds the rated r. p. m., and which 
bears no definite relation to line fre- 
quency. In a motor whose full-load 
speed is 1,750 r.p.m. (four poles, 60 
cycles), the  short-circuiting device 
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would operate at approximately 1,500 
r.p.m. Simultaneously with the oper- 
ation of this device, the machine as- 
sumes the characteristics of ‘a squirrel- 
cage type, which runs slightly below 
synchronous speed. If driven above that 
speed it tends to act as an induction 
generator, energy being required. In 
this case, as the speed of the armature 
is 1,500 r.p.m., 100 per cent over the 
25-cycle synchronous speed of 1750 
r.p.m,. a sudden dynamic braking ac- 
tion results. 

In the case of a 60-cycle motor oper- 
ating on a 25-cycle circuit, care should 
be exercised in applying rated voltage 
to the machine, inasmuch as the effect 
produced will be the same as the ap- 
plication of (12+5) times normal volt- 
age, or, in the case of a 220-volt ma- 
chine, 528 volts. 


Denver. Colo. EDWARD H. HAvUSLER. 


* * * * 


Correcting Power Factor by Synchron- 
ous Condenser—I wish to submit the 
following problem to our readers: A is 
a distributing station supplying power to 
four feeders, B. C. D and E; B takes 
4,000 kw., C, 3,500 kw., D, 3,000 kw., 
and H, 2,000 kw. The power factor of 
these loads is: B, 80 per cent, C, 78 per 
cent, D 75 per cent and EH, 72 per cent, 
all lagging. It is desired to install a 
synchronous condenser at station C, to 
give 95 per cent power factor. Would 
it make any difference in the size of con- 
denser required at C if stations B, D. and 
E were to correct their power factor to 
unity instead of running at 80, 75 and 72 
per cent respectively, as at present, (1) 
in case station A has ample generator 
and exciter capacity and (2) in case this 
capacity is just enough to carry the 


load? 
Belleville, Ont., Can. J. HE. G. 


The following will answer the ques- 
tlon by J. H. G. in a recent issue: 

(1) Under the first set of conditions, 
to raise the power factor to 95 would 
require a synchronous condenser with 
a capacity of 4,100 kva. operating at 
zero power factor leading. (2) In the 
second case if stations (B), (D) and 
(E), should have their power factors 
raised to unity, a synchronous con- 
denser having a capacity of 1,000 kva. 
will be required, operating as before, 
at zero power factor leading. 

The foregoing values are based on 
slide-rule calculations and the actual 
rated capacity of the condenser must 
obviously be somewhat larger to in- 
clude some slight losses as well as to 
give a little extra capacity to insure 
satisfactory operation. 

C. OTTO voN DANNENBERG. 
The J. G. White Engineering Corp., 
New York, N. Y. 


* * * & 


In answer to question by J. H. G. 
on power factor correction in a late 
issue, I am offering two solutions to 
the problem. 

To correct the power factor at (C) 
to 95 per cent, a synchronous condenser 
of 1,717-kva. capacity is required. The 
power factor of the other loads has no 
effect on the power factor at (C). 

To correct the power factor of the 
station to 95 per cent requires a syn- 
chronous condenser of 5,190 kva. The 
condenser may be placed at (C) or any 
other point, or smaller units at each 
point. It makes no difference in the 
size required where the synchronous 
condenser or condensers are placed. 


Boston, Mass. D. E. WALCcH. 
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The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 


tensions, cleaning and painting operations will always 
be welcome. 

























Automatic Control for Keeping 
Water Level Constant 


SIMPLE but very practical 
method for fitting an easily- 
made automatic control valve to a 
water tank is shown in the illustra- 
tion. Although this improvised au- 
tomatic valve was devised for use in 
connection with a dipping tank used 
in a forge shop, the idea is applic- 
able in many instances where it is 
desired to maintain a certain quan- 
tity of water in a tank which is filled 
from a pipe controlled by a valve. 
As shown, when making this auto- 
matic control an inexpensive bleeder 
cr drain cock is screwed in to the 
end of the inlet pipe. A wooden 
lever is then slotted and secured 
with small bolts to the lever handle 
of the cock. The opposite end of the 
lever is floated on a 1 ft. length of a 
6-in. by 6-in. beam. The float is 
thoroughly painted to protect it as 


eel Botts 


Drain cock 
ses: 






1 




















4 
Tank.” 








A wooden float is attached by 
means of a rigid arm to the handle 
of the drain cock on the end of the 
inlet pipe. 


much as possible from the water. 
The float is large, and has sufficient 
weight to operate the cock under 
any conditions, opening it when the 
level of the water falls and closing 
it when the water reaches the re- 
quired height. 

The total cost of this device is not 
much more than the cost of the cock, 
as the material for making the float 
and lever are available in any shop. 
Washington, D. C. G. A. LUERS. 
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Selecting the 

Proper Extinguishing Agent for 

Various Classes of Fires 

IRE PROTECTION should con- 

sist largely of providing proper 
equipment to handle the fire when 
it starts and knowing what to do 
with this equipment in emergency. 
A large proportion of fires, if prop- 
erly handled when discovered, can be 
put out with but little loss. One big 
mistake in the use of portable ex- 
tinguishers for the little fires lies in 
considering that all kinds of port- 
able extinguishers are equally good 
for any kind of fire. This is not 
true, as all fires are not alike; nei- 
ther are the contents of all extin- 
guishers alike nor do they ex- 
tinguish fires on the same principle. 
The accompanying chart gives one 
method of rating the comparative 
merits, on the fire protective scale, 
of each of four types of chemical 
fire extinguishers and extinguishing 
agents. Before deciding on any ex- 
tinguisher it is well to consider four 
essential points: (1) The principle 
of the extinguishing agent em- 
ployed; (2) the characteristics of 


that agent; (38) the quantity of the 
agent used; (4) the method of oper- 
ating the extinguisher. 

Fire may be put out with an agent 
having a “cooling” effect, or with 
an agent having a “blanketing” ef- 
fect. Nearly all extinguishing agents 
produce both effects but not to the 
same degree. Many fires, such as 
those in ordinary combustible ma- 
terials—wood and rubbish—can be 
put out with either a “cooling” or 
“blanketing” agent. Other fires, 
such as those of oil, paint and 
greases, must be blanketed. 

The “cooling” principle is em- 
ployed in extinguishers whose ex- 
tinguishing base or contents are 
water, soda solution, or calcium 
chloride solution. The “blanketing” 
principle is represented in two types 
of extinguishing agents: The “gas 
blanketing” type and “foam blanket- 
ing” type. Those which have a car- 
bon tetrachloride base produce a 
heavy free gas which seeks the floor 
level. They have no cooling effect, 
but possess the advantage that their 
solution is a non-conductor of elec- 
tricity, hence safe around live, high- 
voltage electrical equipment. Be- 
cause of the ease in portability they 
are the best available for use on au- 
tomobiles, motorboats, motor trucks 
and similar places. In the “foam” 
type of fire “blanketing’ agent the 
“bubbles” generated form a_ wet 
foam which excludes oxygen long 
enough to allow the material that 
was burning to cool. 

Water, because it is almost uni- 
versally available, has been and al- 
ways will be the most widely used 
fire extinguishing agent for exten- 
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sive fire fighting, but it is not used 
by itself to any great extent in port- 
An extin- 
guisher employing water or a soda 
solution when installed in a place 
subject to freezing temperature, 
must be placed in a heated cabinet 
both to protect it and also because 
chemical reaction takes place slug- 
gishly at low temperatures. 


able fire extinguishers. 


Extin- 
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FEF. below zero. 


guishers using calcium chloride so- 
lution can employ solutions of such 
concentration that they will with- 
stand temperatures as low as 40 deg. 
However, an extin- 
guisher that discharges water or a 
soda or calcium chloride solution, 
although it can be used effectively on 
ordinary fires, cannot properly be 
recommended for use on extra-haz- 


ardous fires, such as those in oil, 
paint and so on, or for fires in live, 
high-voltage electrical 
Water and liquid chemical solutions 
will frequently spread an oil fire and 
are conductors of electricity. Other 
points are covered in the accompany- 
ing table, which was adapted from a 
chart copyrighted by the Foamite- 
Childs Corp. 


equipment. 
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Characteristics and Operation of Four Types of Fire Extinguishers and Solutions 








TYPE 


Foam 


Sopa-anp-Acip 





CHEMICALS EMPLOYED 





METHOD OF OPERATING 


Aluminum Sulphate 


—Bicarbona 


te of 


Soda with Foam- 
ing Agent 





Invert 





METHOD By WHICH 


Chemical Reaction 























Bicarbonate of Soda 
Sulphuric Acid 





Invert 














ANTI-FREEZING 





Calcium Chloride 
(special grade) 
Safety FuseCartridge 


TETRACHLORIDE 








Carbon Tetrachloride 
with important com- 
ponents for depressing 
freezing point, avoiding 
corrosion, ete. 












Invert 





Burning of Safety 


Pump 








Pumping Action 





















































































































































PRESSURE Is CREATED Chemical Reaction Fuse 
EFFECTIVE RANGE OF 20 Ft. or More 
30 to 40 Ft. 30 to 40 Ft. : 
STREAM 30 to 40 Ft. under full pump pressure 
RateD LiquiID CAPACITY i 
1 y, 21%4 Gal. 1 s 
or Most Common S1zE 24, Gal. 21% Gal. Ye 4 Gal 
QUANTITY OF PRINCIPAL Quantity ee 
NG AGENT Y, pends upon amount o 
ani “ 20 Gal. 2% Gal. 2% Gal. liquid which comes _ in 
RODUCED contact with heat of fire. 
Firefoam— head iquid 
NATURE OF PRINCIPAL A mass of bubbles Liquid L q suai Free Gas 7. 
EXTINGUISHING AGENT filled with carbon- Soda Solution Ca hor Ba oriae Produced when liquid is 
dioxide gas solution vaporized by heat of fire. 
IPAL ° : . 
timsoeannte: EFFECT Blanketing Cooling Cooling Blanketing 
No 
Yes 
- the t s a 
Best Available Yes Yes sdamuni for Class: Py 
a Ss all Bay se This type good only un- 
involving Class res . ‘ der most favorable con- 
Wood because of desirable For use in places not For use in places not ditions because of: small 
Class rs characteristics not pos- | involving oils, greases, | involving oils, greases, | size; difficulty of confin- 
A Textiles, poner i lm Rpezagl etc., in any way. etc., in any way. a i. a : 
: Ss . . ae ° " ni ura- 
Wires Rubbish, (fireproofing effect ; Must be kept in heated Does not require pro tion of atieasd “at Gee 
smaller wetting effect: | cabinet when installed | tection at tempera- : - e 
ete. ge : matically assured; oper 
etc.) in places subject to/;tures down to 40 de-| ator cannot devote entire 
Must be kept in heated | freezing temperatures. | grees below zero. attention to directing 
cabinet when installed stream on fire; must be 
in places subject to used with caution in 
freezing temperatures. Me small rooms. 
Yes 
Is Ir But foam type is better 
adapted for Class B fires. 
— _ Yes yh sc ap 9 
— ‘ais Best Available No - ees daeadin atiemmee 
as_ | Class ‘ For use in all places| Because ordinarily it| Because it has no/ing gas at seat of fire; 
B Greases, , : . P blank- | blanketing effect force, range and- duration 
ADAPT- = involving Class B fires | has little or no blank- & ; of stream not automatic- 
aa ires Etc. because of character- | eting effect. ally assured; operator 
acs istics not possessed by om —— omy at- 
7 wees : ention to irecting 
UsE any other type, stream on fire; must be 
ON used with caution in 
I small rooms. 
3 Yes 
No No No , 
Best Available 
c Except on low voltage | Except on_low voltage 
Class Electrical ee 0 ee ee when used with cau-| when used with cau-| For Class C fires, espe- 
Cc prety or where current is| tion, or where current | tion, or where current cially where current is 
Fi Machinery likely to be turned off. | is likely to be turned is likely to be turned | not likely to be turned 
ires : ‘ tream is a con-| off. Stream is a con-| off, because the stream is 
Stream is a conductor | Off. S 
put a poor one. ductor but a poor one. ductor but a poor one. | a non-conductor. 
Yes + 
* Pleasure N . 
0 No Best Available 
Class Automobiles, Because of size; not| Because of size; not Because Meee gise: not For Class D fires because 
D | Commercial | splash-proof; subject | splash-proof; subject eplaah-yeoot ’ of desirable character- 
Fires|Trucks, Etc. | to freezing. to freezing. ; istics not possessed by 
any other type. 














*The letter D is for convenience, no letter having been assigned to this class by Underwriters’ Laboratories. 
































INDUSTRIAL ENGINEER 








Vol.82, No.5 

















Electrical 
Around the Works 


¥ 


Se a 8 aes SETS 








Service 








For this section ideas and practical methods de- 
vised to meet particular operating conditions are 
invited from readers. - items may refer to inspec- 
tion, overhauling, testi i 
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Trouble Caused by Switch Blade 
Touching Switch Cover 


RATHER unique case of trouble 

occurred on the 15-hp., 230- 
volt, d. c., motor driving a pump in 
our power house. The _ starting 
equipment consists of a 100-amp., 
double-pole, enclosed-type, fused 
safety switch and a hand starter 
connected as shown in the accom- 
panying diagram. The motor is 
started and stopped several times a 
day. On one occasion each time the 
operator tried to re-start the motor, 
he found that the fuses were blown. 
After checking up the load and find- 
ing it well within the motor rating 
and also ascertaining that there 
were no grounds on the circuit, I 
felt that the operator must be start- 
ing the motor too quickly. I watched 
him carefully the next time he 
started, but found that he started 
the motor in the correct time. The 
motor ran perfectly for a half hour 
and was then shut down by opening 
the safety switch. I found that both 
fuses were again blown. 

Upon looking over this switch I 
noticed the paint was burnt off the 
inside of the box and two small blis- 
ters burnt on the cover in line with 





When the safety switch was opened 
to stop the motor, the switch 
blades came in contact with the 
switch-box cover. 


The fuses were blown because the 
cover made a short circuit across the 
armature of the motor which was act- 
ing as a generator while coasting to a 
standstill. The’ short circuit was 
across the switch blades at the point 
indicated in the illustration at the left 
of the diagram. The illustration shows 
how a fiber block was placed to in- 
sulate the switch blades from the 
cover. : 


the top of the switch blades. This 
gave me acclue. I found that when 
the switch was fully opened, both 
switch blades touched the inside of 
the cover. Of course, the circuit 
from the line was broken when this 
contact was made, but the motor 
was generating voltage at the mo- 
ment the switch was pulled, so that 
a circuit was formed through the 
two knife blades of the switch, 
through the switch cover and thence 
through the starter and leads to the 
motor brushes, as shown in the ac- 
companying diagram. This was 
really a dead short across the arma- 
ture. The current built up in this 
circuit was heavy enough to blow 
the fuses which, of course, opened 
the short circuit. In other words, 
what we had was a very strong dy- 
namic braking «circuit which would 
have brought the motor to a dead 
stop very quickly had not the fuses 
blown. 


The trouble was very easily cor-. 


rected by bolting a piece of 4-in. 


fiber inside the switch box as shown 
in the figure at the left of the dia- 
gram, so that when the blades were 
open they came in contact with the 
fiber instead of the metal of the 


cover. O. C. CALLOW. 


Chief Electrician, 
Trumbull Cliffs Furnace Co., 
Warren, Ohio. 
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How to Make a Neat and Tight 
Job of Exposed Wiring 


HEN running long lines of 

exposed wiring through a 
plant, a neat and tight job can be 
done by the following procedure, 
which involves only a few extra 
steps. Fasten the end of the line 
securely by two or three cleats 
placed close together; then go to the 
other end of the room, pull the line 
as tight as possible by hand and se- 
cure it by two or three more cleats. 
Go back to the beginning, place the 
next cleat 414 ft. from the first one 
and gently pull down on the line be- 
yond this cleat, in order to tighten 
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the line still more before fastening 
the cleat. Work along in this man- 
ner, placing one cleat after another 
and pulling down on the line just 
ahead of each of the cleats before 
tightening it. 

When close to the last fastening 
remove it to another point farther 
ahead, again placing two or three 
cleats close together to hold the line 
firmly; otherwise it will slip. When 
turning a corner, if the line is to go 
very far, follow the same procedure 
that has been outlined. 

In this way it is possible to put up 
a line that looks neat and is as tight 
as. can be desired, without the use 
of a “come along” or other rigging 
often employed. for this purpose. 
New Britain, Conn. H. S. RIcuH. 
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An Easily Made 
Device for Warning Engineer of 
Time to Blow Whistle 


O FORESTALL a possible lapse 

of memory at whistle time, an 
operating engineer of a factory 
power plant has rigged up a device 
to warn him of the approach of the 
time the whistle must be blown. At 
this plant the whistle is blown at 
8:00 a. m., 12:00 m., 1:00 p. m. and 
5:00 p.m. As will be seen from the 
illustration, the metal dial of the 
engine-room clock was removed and 
1%-in. holes were drilled through 
just inside the circle of numerals at 
each of the above hours. Another 
14-in. hole was drilled just outside 
the circle of numerals and above the 
numeral, XII. From each of the 
four inside holes, a narrow piece of 
ribbon steel projects. About 14 in. 
of the projecting end of each piece is 
bent nearly at right angles in the 
direction of the rotation of the 
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hands, as shown in the figure at the 
bottom of the illustration, while the 
other end is soldered to the end of 
an insulated copper wire which is 
glued to the back of the dial. A 


- piece of ribbon steel slightly longer 


than the others, and with a bend of 
only %e in. at its projecting end is 
similarly inserted in the outside hole 
and soldered to the end of a copper 
wire. The soldered joints and pieces 
of ribbon steel are insulated from 
the dial. 

The four wires running from the 
four inside holes are joined to a 
single wire which is carried outside 
the casing of the clock and con- 
nected, through a button or snap 
switch, to one pole of a dry battery. 
The wire leading from the outside 
hole is also carried outside the cas- 
ing and is connected through an 
electric bell to the opposite pole of 
the battery. 

During a revolution of the hour, 
or short hand, the tip passes over 
the four inside holes, while in each 
revolution of the minute hand, the 
tip passes over the outside hole. Sup- 
pose one of the hours at which the 
whistle is to be blown, as at noon, is 
approaching. Then the hour hand 
will make contact with the bent end 
of the steel ribbon projecting from 
the hole beneath the numeral, XII, 
when the minute hand stands at, 
say, three minutes to 12, and it will 
still be in contact when the minute 
hand is exactly at noon. At this 
point the circuit will be completed 
from one side of the battery to the 
bell, through the bell to the ribbon 





Ribbon steel contacts are placed 
in the dial at points corresponding 
to certain hours and when the 
hands touch their contacts the cir- 
cuit is completed and the bell 
rings. 
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steel contact at the top of the nu- 
meral, XII, through the minute 
hand, through the hour hand, 
through the ribbon steel contact at 
the bottom of the numeral, XII, 
thence through the button switch to 
the other side of the battery. Thus 
the bell will ring and warn the engi- 
neer that it is 12 o’clock and time to 
blow the whistle. 

The steel ribbons are tempered so 
that they will spring back to their 
original position when the hands 
have passed by them. Their fine- 
ness and flexibility is such that they 
offer practically no resistance to the 
movement of the hands. The button 
switch was inserted so that the cir- 
cuits may be kept open between 5:00 


p. m. and 8:00 a.m. A. J. DIXON. 
St. Louis, Mo. 





Differentially-Connected 
Compound Motor Reverses When 
Operated Under Heavy Load 


F a compound motor has its field 
windings differentially connected, 
the direction of rotation of the mo- 
tor may reverse when operated under 
heavy load. 

A compound machine may be con- 
nected in two ways. One is to con- 
nect the two field windings so that 
the magnetic flux set up by both the 
series and shunt coils is in the same 
direction. When so connected the 
machine is said to be cumulative 
compounded. The second method of 
connection produces two fluxes that 
are opposed to each other, the weaker 
of the two partially overcoming the 
other and thereby producing a 
weaker magnetic field than would be 
produced by the shunt field winding 
alone. This second method is called 
differential compounding and _ will 
often cause trouble if the motor is 
operated on a heavy overload. The 
reason for this is explained below. 

At light loads some differentially 
compounded motors will operate with 
apparent satisfaction, but at heavy 
loads may spark badly and at times 
flash over and then rotate in the op- 
posite direction. For an explana- 
tion of this condition consider what 
is taking place inside of the motor at 
different load steps. At light loads 
the current in the series field wind- 
ing is comparatively small and the 
magnetic flux set up by it is weak, 
while the flux set up by the shunt 
field winding is strong since it has 
impressed upon its terminals full line 
voltage, or nearly so, depending 
upon whether the machine is con- 
nected long shunt or short shunt. 
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Because of these conditions the flux 
set up by the shunt winding prevails 


and therefore determines the. direc-~ 


tion in which the motor will rotate 
at light or zero loads. With an in- 
crease of load the current in the 
series winding becomes greater, 
thereby setting up a greater mag- 
netic field which, being opposed to 
the shunt field flux, neutralizes a por- 
tion of it and produces a weaker 
magnetic field. Since the load has 
been increased, the speed of the 
motor will probably not be affected 
to any great extent. With still 
greater loads the. series field current 
becomes greater and in turn weakens 
the motor field. When the current 
in the series winding becomes great 
enough it will set up a flux which will 
entirely overcome that produced by 
the shunt winding and build up a 
magnetic field of the opposite 
polarity. In such a case the direc- 
tion of rotation will be reversed. 

The size of the feeders supplying a 
differentially - connected compound 
motor often affect the operation of 
the motor. If the feeders are rather 
small to carry the required load, the 
voltage drop over them may aggra- 
vate the conditions described above. 
If the feeders are too small the drop 
at the motor may be excessive at 
heavy loads. Since the resistance of 
the feeders remains practically con- 
stant, the voltage drop along them 
will be proportional to the current 
passing through them, as the drop is 
equal to the current times the re- 
sistance. 

At heavy loads under such condi- 
tions the voltage across the shunt 
winding would be decreased and 
therefore the flux set up by this 
winding would be decreased. At the 
same time the current in the series 
winding would increase, thus increas- 
ing the flux set up by it. If these 
connections were as in a differential 
machine, the series field flux would 
be of the opposite polarity to that set 
up by the shunt winding and this 
would tend to weaken the field to a 
still greater extent. If these condi- 
tions were carried far enough the 
field set up by the shunt winding 
would be entirely neutralized and the 
field set up by the series winding 
would prevail and cause the motor 
to rotate in the opposite direction. 
Such a motor may rotate opposite to 
the direction desired at the time of 
starting because of the momentary 
heavy current in the series winding. 
this producing the effect described 
above. LEROY A. FRANCIS. 


Instructor of Electricity, 
Utica Free Academy, 
Utica, N. Y. 
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- + Device for 
Recording Trips of Coal Car to 
Boiler House 


N A plant recently visited by the 

writer, a clever scheme was in 
use for keeping track of the number 
of trips the coal dump car made 
from the stock pile to the firing floor 
of a boiler house. Inasmuch as the 
dump car is always filled to capacity 
(3,000 Ib.), this is an accurate 
method of keeping track of the coal 
consumption of the boilers, with a 
minimum of trouble and expense. 

As can be seen from the accom- 
panying illustration, a cam lever is 
pivoted on a stud projecting from 
the web of the rail of the dump car 
tracks. In running along the rail 
the car wheels depress the cam lever 
and thereby actuate, through the 
switch lever, the mechanism which 
controls the electrical connection. 
As soon as the car wheel has passed 
over the cam, the levers are snapped 
back to their original position by 
the spring S. 

The electrical control mechanism, 
which is shown in the upper right- 
hand corner of the illustration, is 
enclosed in a sheet iron box. A 14-in. 
brass rod extends across the box 
from side to side, the ends being se- 
cured in fibre sockets. This rod is 
loosely encircled by two. brass 
sleeves, the contiguous ends of 
which are notched to form a four- 
tooth ratchet clutch. The _ right- 
hand sleeve engages with a station- 
ary toothed collar, as shown in the 
illustration. A spring is placed 





In passing over the cam lever the 
coal car actuates a switch mechan- 
ism, completing the circuit to a 
time detector which records the 
trip. 

On the trip in, the car wheels depress 
the cam lever twice and on the trip 


out the lever is depressed two more Jering-- 


times. The switch mechanism is so 
arranged that the cam lever must be 
depressed four times for each time an 
indication is made .on the record. 
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around the brass rod and between 
the left-hand fibre socket and left- 
hand sleeve in such a manner as to 
hold the sleeve teeth in mesh. The 
right-hand sleeve carries a fiber 
band through which projects a 
small, brass pin. 

When the switch lever is depressed 
the sleeves are given a quarter turn 
by the pull of the chain which con- 
nects the switch lever with the left- 
hand sleeve. When the lever is re- 
leased, the left-hand sleeve is pulled 
back to its first position by spring 
R, but the right-hand sleeve is kept 
from turning back by the clutch on 
the stationary collar. 

As there are two wheels on each 
side of the car, the right-hand sleeve 
is given two quarter-turns while the 
car is being run into the boiler 
house, and another two quarter- 
turns while it is being run out. 
Hence, the sleeve makes one com- 
plete revolution each time a carload 
of coal is delivered, and at one point 
in the revolution the brass pin, 
which projects through the fibre 
band, is momentarily in contact with 
the tongue 7, thus closing the elec- 
trical circuit to the time detector 
which is located in the chief engi- 


neer’s Office. A. J. DIXon. 
St. Louis, Mo. f 
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Switch for Charging Batteries 
in Parallel or Series 


N OUR General Electric bat- 

tery-charging panel it is pos- 
sible to take care of eight different 
batteries connected to only four 
switches, but inasmuch as some of 
the electric tractors are too large to 
be taken to the charging room they 
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are charged in their respective de- 
partments, an arrangement which 
saves considerable time and trouble. 

As each switch on the main panel 
will care for two batteries it is pos- 
sible to connect each pair in series 
and thus save fifty per cent of the 
ampere-output from the generator. 
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As indicated by conditions, storage 
batteries may be charged in par- 
allel by throwing the switch to 
the left, or in series by throwing 
it to the right. 





When one battery in a distant de- 
partment is connected for charging 
it may be put in series with a sim- 
ilar sized one in the charging room, 
by using this switch, either in se- 
ries or in parallel, with a pilot lamp 
for an indicator. All of the charg- 
ing switches are capable of carry- 
ing 100 amp., and often a battery is 
given 90 amp. when not enough time 
can be spared for a normal charge. 
The parallel-series switch can be al- 
most instantly thrown either way, 
as the pilot lamps indicate the load 
on the generator. 

When the near and far batteries 
are being charged in series the pilot 
lamps will glow faintly; but if the 
far one is suddenly disconnected, the 
pilot on that line will light brightly, 
showing an open line. Then the 
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switch is thrown to parallel and the 
rheostat re-adjysted for the remain- 


ing one battery: in the charging 


room. 

When only one battery is on 
charge at 45 amp., and the distant 
one is suddenly connected for a 
short charge, the load will drop to 
about 25 amp., by the meter. The 
switch is then thrown to the series 
side and the rheostat adjusted to 
bring the charging rate up to its nor- 
mal value of 45 or 50 amp. 

New Britain, Conn. H. S. RICH. 
—_—~—_—_- 


Air Gage Remodeled as Low 


Pressure Indicator 


N ORDER to insure maintenance 

of the proper air pressure for the 
operation of air lifts and ramming 
machines in a foundry, an old pres- 
sure gage was remodeled and used 
as an electric contactor to control 
two pilot lights, which are lighted 
when the pressure drops below a 
certain value and extinguished when 
it becomes normal. The changes 
made in the gage consisted in fast- 
ening near the end of the spiral tube 
a fiber insulating block carrying an 
adjustable thin brass finger, to 


‘which is connected one side of the 


snap switch. One side of the nearby 
pilot lamp is connected to the shell 
of the case and the 110-volt line is 
connected to both the switch and the 
lamp. In parallel with this lamp is 
another one placed in the superin- 





As the spiral tube of the remodeled 
gage moves inward with a de- 
crease in pressure a carbon block 
on the end of the tube makes con- 
tact with another block on a brass 
finger mounted on a fiber block, 
and lights the signal lamps. 
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tendent’s office. Both lamps are col- 
ored red to attract attention. When 
the lamps light it is an indication 
that the air pressure is low and 
another air compressor should be 
started. 

Adjoining the contactor is a 
standard air gage by which the high; 
and low limits are checked. When’ 
the air compressor is shut down for 
the night the snap switch is used to 
open the line. 

The contacts can be set for any 
particular pressure by adjusting a 
small screw. As the device_is set 
now, contact is made and the lamps 
lighted when the pressure drops be-; 
low 80 lb. and extinguished when it 
again reaches that figure. The con- 
tacts are made of small carbon 
blocks fastened with countersunk 
screws. H. S. RICH. 


New Britain, Conn. 
> 
Burning of Switch 
Contacts Prevented by Shunt 
Across Motor Field 


REVERSING switch made by a 

well-known manufacturer for 
elevator service is subject to consid- 
erable burning of the contacts. The 
controller used with this switch is 
of the type that has one side of the 
line broken by a clapper or arm with 
carbon points. While we were work- 
ing on an installation that had given 
a great deal of trouble we discov- 
ered that the burning of the con- 
tacts when the switch was opened 
was caused by a discharge from the 
motor fields. Accordingly, we 
shunted a suitable resistance across 
the fields and the burning stopped. 
Since then we have done that on sev- 
eral switches operating at different 
voltages and they have all worked 
satisfactorily, burning being greatly 
reduced. 

Some time ago we ran into a sim- 
ilar situation on a 110-volt motor op- 
erated through ‘a_ remote-control 
system. The controller had a clap- 
per coil that-automatically cut some 
resistance into its own circuit when 
the clapper was in. This resistance 
finally burned out, causing the clap- 
per to keep going in and out and 
destroying its usefulness. 

As an experiment, we connected 
up a mica socket, with a 110-volt 
lamp, in place of the resistance. The 
company had ordered a new resist- 
ance coil, but the results when the 
lamp was used were so satisfactory 
that it was not considered worth 


while to put the coil in. 
Peoria, Ill. 
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element 
equipment to all driven machines. 


This department will furnish mechanical 
details of installation, operation and mainte- 
nance of equipment in the path of power 
service from the first mechanical driv- 


through transmitting 











Advantage of Direct Drive 
for Swing Saw 


IRECT connection of motors to 

the swing saws in a Massa- 
chusetts box factory has, according 
to Joseph Franz, Stockbridge, 
Mass., allowed the size of motor 
used to be reduced from 3 hp. or 
5 hp. to 1 hp., with a consequent 
saving in first cost and in energy 
consumption. The motor and saw 
are both mounted on an oak frame 
as the illustration shows and are 
connected by a short shaft running 
in a bearing. The shaft is about 
1 in. larger than the motor shaft, 
which fits into and is keyed to it. 
The other end of the shaft is turned 
down to fit the saw arbor. An iron 
rod passing though the upper end of 
the frame fits in holes in supports 


hung from the ceiling so that the 
saw can be swung for cutting. A 
counterweight fastened on the up- 
per part of the frame makes the 
saw hang in the proper position. 
The 20-in. saw shown is driven by 
a 1-hp., 1,800-r.p.m. motor, although 
a 3-hp. or 5-hp. motor was formerly 
used with the usual method of con- 
nection. This new construction 
eliminates the bearings at the top 
of the saw frame which supported 
the frame and also the belt drive to 
the saw, which was necessarily tight 
on account of being short and run- 
ning in an almost vertical posi- 
tion when cutting. Practically all 
of the power is transmitted to the 





Mounting the saw on an extension 
on the motor shaft makes possible 
the use of a smaller motor. 
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saw, and when idling the wattless 
current is small compared with that 
of the larger motor. There is no 
power wasted through a belt and the 
loaded bearings. Another advan- 
tage is that there is no belt to break 
and cause injury to the operator or 
nearby workmen. 

Such a saw is not desirable for 
very heavy cutting, but it has been 
used satisfactorily on %-in. stock of 
various kinds of wood. 


ee 
The Jingling Oil Ring Always 
Means Trouble 


HE first time that I saw or had 

any experience with ring-oiling 
bearings on a generator was away 
back in 1891. We had just installed 
a Thomson-Houston compound- 
wound machine known as A 35. Soon 
after starting it up, and when the 
load was quite heavy, I noticed a pe- 
culiar jingling sound and was at a 
loss to account for it. We had care- 
fully filled the bearings, which were 
of the self-oiling, ring type, with a 
good grade of dynamo oil; so I did 
not think anything was wrong with 
them, inasmuch as I had just felt 
them and found them cool. The light 
over the machine was poor, so that 
when I looked into the bearings the 
oil and rings appeared to ‘be all 
right. 

It so happened that there was 
more or less vibration of the ma- 
chine and this, together with the 
suction-fan action of the commuta- 
tor, which was just outside the bear- 
ing on one end, caused the oil grad- 
ually to work out of the bearing and 
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fly over the edge of the commutator 
in a fine spray. As I was not used 
to anything like this I did not grasp 
its significance until the bearing 
commenced to smoke, at which time 
the ring was jingling quite loudly 
and quick action was necessary to 
avoid serious trouble. 

I stopped the suction effect of the 
commutator on our A 35 by the use 
of a tin apron bolted to the brush 
yoke and later the vibration, by bolt- 
ing the machine down to heavy tim- 
bers set in concrete. 

This incident taught me a lesson 
which I made use of only a year or 
so ago. I happened to be in a place 
where an electric water pumping 
outfit had been installed, and just 
about 5 min. after the owner had 
started it. I heard a jingling ring! 
At once I asked the owner if he had 
put oil in the bearings and quick as 
a flash he pulled the switch and did 
so. I then related to him my “ring” 
story which, in view of his own nar- 
row escape from trouble, was quite 
amusing to him. 

This story has a moral: Beware 
of the jingling ring on self-oiling 
bearings. HENRY MULFORD. 


Electrician, : 
Patchogue Electric Light Co., 
Patchogue, N. Y. 
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Motor Speed Important Factor 
in Selection of Drive 


HOSE who have had extensive 

experience with motor applica- 
tions have repeatedly stated that the 
majority of motor failures are due 
to some mechanical cause, frequently 
originating outside of the motor it- 
self. A common source of such 
mechanical trouble will invariably be 
found in defective drive conditions 
under which the motor operates. 
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The principal factor affecting the 
drive conditions, insofar as the mo- 
tor itself is concerned, is the motor 
speed. Intimately associated with 
the speed are the actual means of 
transferring the power from the mo- 
tor shaft to the load. Among these 
are direct connection, spur gearing, 
herringbone gearing, belting, flex- 
ible couplings, and chain drive. 

The selection of the proper motor 
speed in combination with the best 
drive for a given application war- 
rants considerable study in order to 
obtain the best results. Since the 
cost of motors of a given horse- 
power rating decreases with increase 
in speed, the mistake is often made 
of using a motor with too high a 
speed in order to save on first cost. 
After installation, the motor is a 
continuous source of trouble, not due 
to any inherent fault of its own, and 
quickly eats up in high repair and 
maintenance charges any saving 
that may have been effected in first 
cost. 

The drive should be made as effi- 
cient as possible, so that the high- 
est-speed motor compatible with 
good operating results can be in- 
stalled. To determine the most eco- 
nomical installation it is usually 
necessary to balance the cost of a 
high-speed motor with a _ special 
drive fitting the application, against 
a lower speed motor with ordinary 
drive such as plain spur gearing. 

The accompanying table of recom- 
mended motor speeds is based on ex- 
tended expérience with induction 
motors in heavy duty service. 

Direct connection is the ideal 
drive and should be given preference 
wherever the service conditions war- 
rant it. It must be remembered, 
however, that direct connection does 





























Recommended Synchronous Speed of 60-Cycle, Induction Motors 
For BEttinG, FLEXIBLE 
Hp. Ratna Covup.LinG, HERRINGBONE For Pian Spur 
Gears, CHAIN DRIVE GEARING 
Highest r.p.m. Best r.p.m. Highest r.p.m. | Best r.p.m. 

1 1,800 1,800 1,200 900 

2 1,800 1,800 1,200 900 

5 1,800 1,200 900 900 

7% 1,800 1,200 900 720 

10 1,800 1,200 900 720 

15 1,200 1,200 "720 600 

20 1,200 900 720 600 

30 1,200 900 720 600 

50 900 900 - 600 600 

75 900 720 600 514 

100 900 720 600 514 

150 720 600 514 450 

200 720 600 450 450 
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not mean merely coupling a motor 
to a drive shaft which is itself 
geared to the machine proper, as ina 
triplex pump. This would be a gear 
drive in every way. For true direct 
drive, such as can be applied to a 
centrifugal pump, high-speed motors 
1,800 r.p.m. and even 3,600 r.p.m. in 
the smaller sizes will give satisfac- 
tory service. 

It frequently happens that a man 
takes charge of the electrical equip- 
ment in a plant after the installation 
is complete and finds that he has 
considerable trouble with some of 
his motors all of the time. If the 
fault lies with too high a motor 
speed for the type of drive in use, 
the trouble may manifest itself in a 
variety of ways, such as breken con- 
nections, loose rotor bars, sprung 
shafts with rotor rubbing on stator, 
and even broken frames. These are 
invariably caused by vibration. This 
is particularly true if the machine is 
gear driven. In this case, the vibra- 
tion is not a visible chatter but is a 
fine, sharp buzz that can best be de- 
tected by the fingertips. Quite often 
crystallization results, which is very 
destructive to connections and other 
parts of the motor. 

The following instance shows how 
the reduction of motor vibration cor- 
rected motor trouble in a large mill. 
A 25-hp., slip-ring induction motor, 
operating at 900 r.p.m. and con- 
nected by spur gearing to a triplex 
plunger pump, had been operating 
on intermittent service without 
trouble for several years. An in- 
crease in mill capacity necessitated 
operating this pump practically con- 
tinuously. About this time troubles 
began to develop in the motor. Every 
month or so a rotor connection 
would break or burn off. An end 
bell cracked and had to be changed 
and the bearings seemed to wear at 
an abnormal rate. Eventually the 
rotor shaft was sprung so badly that 
a new rotor had to be installed. All 
this naturally entailed loss in pro- 
duction and considerable expense. It 
was noticed that in spite of the ut- 
most care in aligning the motor and 
fitting the gears and pinions, consid- 
erable vibration was always evident 
in the motor. It was finally decided 
to interpose a flexible coupling be- 
tween the motor and the pump and 
this effectively prevented further 
trouble with the motor. 

Reference to the accompanying 
table indicates that for a 25-hp. 
motor and gear drive the best motor 
speed would have been 600 r.p.m. 
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and the highest permissible speed 
700 r.p.m. Therefore, had a motor 
of either of these speeds been orig- 
inally installed, or a special drive, 
such as the flexible coupling later in- 
troduced, been used at 900 r.p.m., 
this motor trouble and the attend- 
ent losses would have been averted. 


Comerio Falls, | FREDERICK KRUG. 
Bayamon, Porto Rico. 
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Special Belt 
Eliminates Use of Idler Pulley 
on Commutator Slotter 


ECENTLY it became necessary 
to put a commutator slotting 
machine in service before receiving 
the motor that was intended to op- 
erate it.” The proper motor would 
have been mounted on the framework 
of the slotter and belted to the saw 
spindle by means of a sewing ma- 
chine belt passed around an idler 
pulley, because the distance betwcen 
centers of pulleys was only about 
20 in. As a temporary makeshift, 
a 1-hp. motor was mounted on the 
floor with its pulley directly under 
the slotter pulley at its center of 
travel. Grooved pulleys were used 
on both shafts and the distance he- 
tween centers, which was increased 
to 40 in., was depended on to keep 
the belt sufficiently tight through- 
out the 7-in. travel of the slotting 
saw in its movement from one end 
of a commutator to the other. It 
failed, however, to do so. With the 
belt adjusted to have sufficient ten- 
sion to keep the saw moving in the 
center of travel the belt became taut 
before reaching either limit of travel 
and with the tension adjusted to suit 
both limits of the stroke the saw 
would jam in the center of its travel. 
In order to ovércome these trou- 
bles a machinist, who had used the 
device before, made a special helt 
consisting of 34-in. by 1-in. pieces 
of single-ply belting riveted, allow- 
ing 1% in. ‘between centers, to a 
continuous backing of single-ply belt 
34 in. wide. The belt as a whole 
was then shaved to a wedge shape 
to fit into the grooves of the two pul- 
leys. With 36 in. or less between 
the centers of the pulleys this belt 
pulls the saw around satisfactorily 
at all points of the travel and abso- 
lutely no trouble has developed since 
installing it. Some device of this 
kind was necessary because the size 
of the 1-hp. motor made it impracti- 
cable to install it in the space pro- 
vided for a much smaller motor. 
J. A. HORTON. 


Brooklyn, N. Y. 
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Making a Speed Reducer With a 
Large Range of Speeds 


FTEN it is necessary to drive a 

machine at a speed much lower 
than normal, when doing such jobs 
as banding armatures or grinding 
or turning slip rings or commuta- 
tors of generators, rotary convert- 
ers or large motors. 

A motor with a combination of 
pulleys and countershafting mounted 
on skids in such manner that it can 
be moved to any job is very con- 
venient for doing this work. The 
device shown in the illustration con- 
sists of two 9-in. step pulleys, an 
8-in., a 12-in., and an 18-in. pulley 
and a combination 5-in. and 24-in. 
pulley on countershafts that are 
mounted on a channel-iron frame- 
work. At one end of the framework 
is a base plate for mounting a motor. 

This speed reducer is arranged to 
give a large range of speeds. The 
motor is belted to the 24-in. pulley. 
The driven machine may be driven 
from the 5-in., 7-in., 8-in., 9-in., or 
11-in. pulleys on the same shaft, or 
the 9-in. step pulley may be belted 
to the 9-in. step pulley on the coun- 
tershaft and the desired speed ob- 
tained from the 12-in. or 18-in. pul- 
ley. Another combination is to drive 
the countershaft from the 8-in. pul- 
ley and drive the machine from the 
18-in. pulley. By interchanging the 
18-in., 12-in., and 8-in. pulleys other 
combinations may be obtained. The 
24-in. pulley is arranged so that it 
may run loose on the shaft by re- 
moving a taper pin. In this case the 
motor drives the 24-in. pulley, the 
18-in. pulley is driven from the 5-in. 
and the machine may be driven from 





Two shafts fitted with pulleys of 
various sizes are mounted on a 





| 
Vol.82, No.5 


the 12-in. pulley or by belting the 
step pulleys together the machine 
may be driven at different speeds 
from the 8-in. pulley. 

Oxnard, Calif. W.,W. PEASGOOD. 


Loose Motor Shaft Cause of 
Insulation Chafing 


HAFING of insulation at the 

ends of the armature slots of 
a 15-hp. direct-current motor driving 
a drug mill, resulted several times in 
a grounded winding. After a long 
investigation this was found to be 
caused by a loose motor shaft. Be- 
fore the cause of the chafing was de- 
termined the motor repeatedly gave 
trouble. The insulation was found 
to be cut in different slots, and al- 
though the motor was temporarily 
repaired by replacing the insulation, 
it finally had to be rewound. In re- 
winding, the coils were protected 
with extra layers of insulation, but 
as the trouble did not disappear the 
armature was at last taken from the 
frame for examination. After re- 
moving the coils the armature was 
placed in a lathe and its core was 
made stationary by means of a tool 
held in the tool post. Then it was 
noticed that on pulling the lathe belt 
the motor shaft revolved slightly in 
the core. When the core was taken 
off the shaft the keyways in the core 
spider and the shaft were found to 
be of different widths, allowing some 
rotation of the core on the shaft. As 
the load on the motor was one which 
increased and decreased suddenly, 
the coil leads connected to the com- 
mutator were worked back and forth 
in the slots as the load changed, and 
this chafed the insulation. By cut- 
ting a new keyway and using a 
larger key the trouble was entirely 







































































channel-iron framework, to make _ Yemoved. L. A. FRANCIS. 
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or improved methods. 
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d In the Repair Shop | \ 


This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
Contributions are always welcome. 



























Novel Method of 
Turning Commutators of Large 
D. C. Machines 


ANY plants which operate 

large d.c. machines do not 
have in their repair shops a lathe 
of sufficient size to accommodate the 
armature for the purpose of turning 
down the commutator.. In such 
cases it is usually necessary to take 
the armature to some convenient ma- 
chine shop or to purchase a special 
commutator grinding outfit to fit the 
machine. However, if the plant is 
situated in an isolated locality with 
machine shops a considerable dis- 
tance away, it is necessary to resort 
to some other method of getting the 
commutators turned down when oc- 
casion arises. 

The accompanying _ illustration 
shows how the writer solved this 
difficulty in turning down the com- 
mutator of a 40-kw. exciter driven 
by a water wheel. The armature was 
supported by wedges on the lower 
pole pieces and the end bell removed. 
The bearing was then removed from 
the housing and rigidly supported 
at the proper level and alignment by 
means of a U-bolt, as shown, the 
whole being mounted on a wooden 
frame which was securely nailed to- 
gether. The supporting wedges were 
then removed and the commutator 
turned down by means of a portable 
slide rest mounted at the proper ele- 
vation on the wooden framework. 
Inasmuch as the unit is driven by a 


Pelton wheel, the speed could be ad- 
justed to any value desired. To 
avoid vibration the speed was kept 
somewhat lower than for lathe turn- 
ing and a fine, true job resulted. 

In another plant the commutator 
of a-75-kw., d.c. generator was 
turned down in a similar manner. 
This unit is a-motor-generator set 
driven by a 112-hp. motor and the 
whole is supported on only two bear- 
ings. As the speed is 1,200 r. p. m., 
it was not possible to use a motor 
for turning the armature. The 
shaft with the rotor and armature 
was accordingly entirely removed 





The bearing was removed from the 
housing and held in place by a U- 
bolt in a heavy wooden framework 
which supported the commutator 
end of the armature. 
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from the unit and rigidly mounted 


on a wooden platform and two bear- 


ing supports made up of rail ties. 
A 5-hp. back-geared motor was 
belted to it, the belt being slipped 
over the rotor as a pulley. This gave 


a speed to the armature of about 


100 r.p.m., which, while somewhat 
slow, resulted in a good job being 
done. A slide rest was mounted in 
& similar manner to that shown in 


the illustration. FREDERICK KRUG. 


Comerio Falls, 
Bayamon, Porto Rico, 





Some of the 
Details of How to Wind a Small 
Armature by Hand 


HERE are many small direct- 
current motors which can be 
easily and cheaply rewound by hand. 
If formed coils can be purchased 
time can be saved by using them, 
but where they cannot be secured in 
a short enough time, hand winding 
is preferable. Some factories also 
wind these armatures by machine 
but not all repair shops have them. 
This article will explain a method 
by which such armatures may be 
wound by hand. The simplest loop 
method of winding is employed and 
is suitable in most cases although 
where the end room is scarce it is 
sometimes necessary to use another 
type of hand winding, such as those 
described in the INDUSTRIAL ENGI- 
NEER for January and February, 
1922. This discussion will deal with 
one particular armature which’ was 
rewound some time ago, but the 
same principles may be used on any 
small armature. The*armature in 
question had sixteen slots and a 32- 
bar commutator. It was originally 
form wound but the form winding 
was to be replaced by a hand winding. 
The armature was supported by the 
ends of the shaft and the wire bands 
for holding the coils in place were cut. 
Also the string band which held the 
leads down back of the commutator 
was removed. Then a good coil was 
selected to secure the data necessary 
for rewinding. Using a light chisel 
a mark was made on the side of each 
slot in which the coil lay. Following 
the leads of this coil down to the 
commutator, the bars to which the 
leads connected were marked. This 
armature had two commutator bars 
to each core slot and consequently 
had four leads coming out of each 
slot. Therefore all four leads were 
traced to the commutator. Two of 
these leads were on the surface while 
two others were covered with insula- 
tion. This was therefore cut away 
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and the position of the bottom leads 
was traced out. The four leads were 
found connected to three commuta- 
tor bars. The first bar was con- 
nected to the beginning of the first 
coil; the second bar was connected 
to the ending of the first coil and the 
beginning of the second coil, and the 
third bar was connected to the end- 
ing of the second coil. 

Sometimes the number of slots 
equals the number of bars in which 
case there would be only two leads 
from each slot. It is well to write 
down all data as it is taken from the 
armature. This can be kept and re- 
ferred to when the armature is being 
rewound. 

Next the top leads were pulled out 
of the commutator and the pitch of 
the coils was noted. Calling the 
slot which held one side of the coil 
No. 1, the other side was found to 
be in slot No. 9. Therefore the coil 
pitch was 1 and 9. Then the number 
of turns in several coils was counted 
and the wire size was measured. It 
was found that there were 22 turns 
in each coil and there were two coils 
in each slot, making 44 turns per 
slot. The wire was found to be 
0.040 in. in diameter or No. 18 B. & 
S. gage. 

The insulation was then cleaned 
from the core and the shaft. After 
the coils were removed the commu- 
tator was cleaned by passing a piece 
of hacksaw blade through the com- 
mutator slots or cups. The blade was 
ground thin to allow it to fit. A thin 
metal drift or other tool might be 
used for the purpose. The commu- 
tator was then tested for short cir- 
cuits. A good commutator should 
stand at least 300 volts alternating 
current between bars and less than 
110 volts should never be used for 
testing. If any short circuits are 
found they should be removed by 
scraping or digging between the 
bars. New pieces of mica should be 
forced in and held in place by shellac 
if any large holes are present in the 
insulation. Small holes can be filled 
with a mixture of litharge and gly- 
cerine mixed to a thick paste. This 
dries hard in a few hours and stays 
in place well. 

If the shorts cannot be removed 
it will be necessary to take the com- 
mutator apart and re-insulate it or 
to put on a new commutator. If such 
is the .case, before removing the 
commutator a mark should be made 
on the core to correspond to the 
marks on the commutator made be- 
fore the coil leads were removed. If 
the commutator is later put back in 
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another position the motor may not 
operate unless the brushes can be 
shifted enough to make up for the 
change. 

The commutator was then tested 
for grounds. The voltage used on 
this test should be at least 1,000 
volts. To save time in this test, a 
piece of bare wire was wrapped 
around the commutator so that it 
touched every bar. Then the test 
was made between this wire and the 
shaft. 

Next the shaft was insulated with 
about four turns of varnished cam- 
bric. Fiber insulation was put on 
the ends of the core and the back 
of the commutator. All of this in- 
sulation was stuck in place with 
shellac. Varnish or insulating com- 
pound, but not glue, may be used for 
this purpose. 

Next the first two slots were insu- 
lated with 0.010-in. fishpaper. Some- 
times a layer of 0.009-in. fishpaper 
and a layer of 0.004-in. varnished 
cambric is used. The insulation was 
cut in strips so that the grain ran 
lengthwise of the slots. The strips 
were 14 in. longer than the slots and 
wide enough to project 1 in. out of 
the slots on each side. Slots No. 1 
and No. 9 were insulated for the first 
coil. 

The spool of No. 18 double-cotton 
wire was supported near the arma- 
ture so that it could turn freely as it 
unwound. The first turn was started 
in slot No. 1 allowing about 6 in. or 
8 in. to project from the front of the 
slot. Then the wire was brought 
down close to the back end of the 
core to slot No. 9, through it and 
back to slot No. 1. This was con- 
tinued until twenty-two turns were 
in place. Then the wire was doubled 
into a loop at the front end of slot 
No. 1. This loop was left about 6 
in. long. This loop formed the end- 
ing of the first coil and the begin- 
ning of the second. A piece of cot- 
ton sleeving was slipped over this 
loop which was then bent out of 
the way. 

It is good practice when placing 
two coils in a slot, as was done in 
this winding, to put a piece of insu- 


' lating paper or varnished cambric 


over the first coil before putting in 
the second. Also in any hand wind- 
ing it is well to place strips of var- 
nished cambric underneath each coil 
before it is wound to insulate it from 
the preceding coils. 

The second coil of twenty-two 
turns was next wound in the same 
slots. Nos. 1 and 9. Then a loov was 
made at the end of slot No. 1. Sleev- 
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ing of a different color was slipped 
on this loop. The different color was 
used to distinguish this loop from 
the first loop. This was followed 
through the winding, the first loop 
in a slot having white sleeves and 
the second loop red sleeves. 

Now the first slot was full so the 
next coil (the third coil) was started 
in slots Nos. 2 and 10. This slot 
was filled in a similar manner and 
the process was repeated until all 
slots were filled. The end of the last 
coil was then twisted together with 
the beginning of the first coil and a 
red sleeve was put on. 

The coil leads were next connected 
to the commutator and the ends of 
the wire were cut off even with the 
front side of the risers. They were 
then soldered, using a small quan- 
tity of both flux and solder so that 
none would bridge from one bar to 
another or run down the back of 
the commutator. A hot iron was 
employed and this was held on each 
bar until the solder ran down to the 
bottom of the slot. 

The insulating cells were cut off 
even with the top of the core and 
folded down in the slots on top of 
the coils. Then the banding wire 
was wrapped tight around the arma- 
ture and soldered. The coils should 
extend a slight distance above the 
top of the slot so that the banding 
wire will hold them rigidly in place. 
If there is some empty space in the 
slots it would be well to fill this with 
fiber or paper before banding. 

Next a band of cord was wound 
over the leads back of the commu- 
tator to hold them down. The arma- 
ture was then dipped in air-drying 
varnish and allowed to dry. It prob- 
ably would have been better to use 
baking varnish and to bake the ar- 
mature for about eight hours at 180 
deg. Fahr. 

After this the commutator was 
turned, using a fine tool and taking 
a light cut, and finished with fine 
sandpaper. The commutator was 
examined for specks of copper be- 
tween the bars and these were re- 
moved when found. 

The armature was balanced by 
placing both ends of the shaft on 
smooth horizontal rails. A small 
unbalance was removed by adding 
solder to the bands on the lighter 
side. 

The last thing to be done was to 
test the armature for grounds with 
1,000 volts and for short circuits 
and open circuits by means of a 
milli-voltmeter. H. B. P. 


Erie. Pa. 
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Effect of Specific 
Resistance and Hardness on the 


Choice of Carbon Brushes 


PECIFIC resistance, as applied 

to carbon brushes, is a term 
used to denote the actual resistance 
in ohms of a cube of the brush ma- 
terial whose sides are 1 in. long. 
While specific resistance has some 
bearing on the magnitude of short- 
circuit currents on the brush face, 
its main effect is to increase or re- 
duce short-circuit currents which 
might flow between the motor or 
generator brush studs of the same 
polarity, but of uneven spacing. 
Uniformity in resistance of the indi- 
vidual brushes on a machine is of 
greater importance than the actual 
value of that resistance, for inequali- 
ties throw an abnormal share of the 
load on the brushes of low resist- 
ance. Determining the specific re- 
sistance of the blocks of carbon or 
graphite, which are to be cut up into 
brushes, aids the manufacturer in 
keeping the product uniform. 

The outfit illustrated is used for 
determining the specific resistance 
of carbon blocks which are to be cut 
up into brushes. The drop-of-poten- 
tial method is used. A current of 10 
amp. is passed through the block of 
carbon and the potential drop over a 
section of it is measured by means 
of the milli-voltmeter shown at the 
right of the illustration of the 
brush testing bench. The current, 
which is supplied from a 6-volt gen- 
erator or storage battery, is ad- 
justed by means of the rheostat at 
the top, on the right side of the ver- 
tical panel and its value read on the 
ammeter to the left of this rheostat. 
The terminal plates, between which 
the carbon piece to be tested is 
clamped, are seen in the center of 
the picture. These plates carry a 
number of spring-backed contact 
points insuring equalized current 
distribution over the ends of the 
carbon block. The milli-voltmeter 
terminals are two rows of similar 
spring-backed points bearing against 
the under side and across the full 
width of the carbon block under test. 
These may be seen between the main 
terminal plates in the illustration. 


This slide rule is used for calculat- 
ing the specific resistance of car- 
bon blocks. 


After the milli-volt drop over the 
block and the width, thickness and 
length of the block in inches have 
been determined, the width is set on 
the top scale of the rule, the thick- 
ness on the top scale of the slide, and 
the milli-volt drop on the bottom 
scale of the slide. The specific re- 
sistanceis then read at the bottom of 
the rule. 





One of these milli-voltmeter termi- 
nal strips is held in a T-slot and 
can be quickly placed at a distance 
of 1, 2, 3 or 4 in. from the other, as 
the size of the carbon plate may re- 
quire. 

The specific resistance of a given 
block of material is equal to the 
product of the resistance of the 
block in ohms times the width, times 
the thickness of the block in inches, 
divided by the length of the block in 
inches. Rapid calculation of the car- 
bon resistance per inch cube is ac- 
complished by means of the special 
slide rule, which is shown in another 
illustration. The scale for brush 
width is on the upper portion of the 
rule; that for brush thickness is on 
the upper edge of the slide; that for 
milli-voltmeter readings on the lower 
edge of the slide. The lower edge of 
the rule carries three scales indicat- 
ing specific resistance directly for 
1, 2 and 8 in. milli-voltmeter termi- 





Test bench for determining hard- 
ness and specific resistance of car- 
bon blocks, which are to be cut 
into brushes. 


At the extreme left is shown the scler- 
oscope which is used for determining 
the hardness. The device in the cen- 


ter holds the carbon block while a 
definite ‘current is passed through it. 


nal centers. In testing several sam- 
ples of the same width and thickness 
it is necessary to make but one set- 
ting of the slide, when the specific 
resistance can be read directly below 
the milli-voltmeter reading for each 
sample without further manipula- 
tion of the rule. 

In carbon, graphite and carbon- 
graphite brushes the hardness of the 
brush is usually indicative of its 
strength. A hard brush is usually 
the strongest, but has a greater ten- 
dency to chip than a medium-hard 
brush. However, by the use of spe- 
cial processes of manufacture it is 
possible to make even the hardest 
brushes very tough. ; 

The hardness of a brush is deter- 
mined with a delicate instrument 
called a scleroscope. This is shown 
at the extreme left of the illustra- 
tion of the test bench. In this in- 
strument, a steel weight having a 
diamond point falls from a constant 
height and then rebounds up a grad- 
uated scale, the height of the re- 
bound indicating the hardness. 
Sales Manager, L. J. KERLIN. 


Corliss Carbon Co., 
Bradford, Pa. 


Using Dynamite to Remove Small 
Locomotive Wheel Tires 


HOSE who have to re-tire loco- 

motive wheels know what a diffi- 
cult job it is to heat the old tires 
enough to remove them from the 
wheelse When the tires are worn so 
badly that they cannot be turned or 
used again we find that the quickest 
and easiest method of removal is to 
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drill a hole in the tire from one side, 
ee the drill to go within 1% in. 

34 in. of the other side, and shoot 
it off with dynamite. 

On electric locomotives the tires 
seem to become crystallized; so, al- 
though it is not absolutely neces- 
sary, better results can be obtained 
by the use of high-speed drills. We 
use a %-in. or 34-in. drill, depend- 
ing on the thickness of the tire. As 
large a drill as possible should be 
used. Using a portable electric drill 
about 15 min. are required to drill 
a tire. If the locomotive has solid 
wheels the hole may be drilled any- 
where around the tire; otherwise it 
is best to drill it over a spoke. 

Because of the hardness of the 
metal it is necessary to cool the 
drill; oil can be used for this pur- 
pose, but we find that a stream of 
water gives just as good or better 
results. 

After the hole is drilled we fill it 
with dynamite and place the cap on 
the outside, under a small handful 
of. clay, which serves to hold the cap 
in place. When the charge has been 
shot it is only necessary to force in 
a tapered drift or punch which is 
slightly larger than the hole, in 
order to spread the tire, which 
can then be pulled off by hand. 

We operate forty-six locomotives, 
on which the average set of tires 
lasts about a year, and in changing 
dozens of tires we have not damaged 
a wheel. Also, by doing the job in 
this way we save over half of the 
time required to do the work by any 


other method. ELZA HERRMANN. 
Middleport, Ohio. 


Rene ae AR 
Reconnecting Two-Phase Moter 
for Three-Phase 


TWO-PHASE motor which 
A could be reconnected for three 
phases was handled recently by our 
shop. This was rather a rare case 
as ordinarily such a change cannot 
be made while retaining the same 
horsepower and speed: * “Usually it - 
is necessary to rewind the motors tele 

In this case the motor had been 
bought as part of a second-hand 
motor-generator set. The motor was 
rated 60 hp., 220 volts, two-phase, 
60 cycle8, 1,200 r. p. m., 79 amp. The 


purchaser did not notice that the - 


motor was two-phase until the set 
was installed and. ready to run at his 
plant. We ‘were called in at this 
point to determine whether the mo- 
tor would have to be rewound or 
if it was possible to reconnect it’ to 


give full ratings satisfactorily on 


* 
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Two Phase Grouping 
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Three Phase Grouping 


Old phase insulation was used 
when reconnecting motor. 

When the two-phase winding shown 
in the upper part of the drawing 
was reconnected for three phases, 
as shown in the lower part, only six 
coils had to be re-insulated as phase 
coiis. The old phase _ insulation 
served in twelve cases. 





a three-phase, 220 volt power supply. 

Removing the end bells and rotor 
we found that the.stator winding 
consisted of seventy-two coils, each 
having seven turns of one 0.070 x 
0.225-in. double-cotton-covered rib- 
bon wire, pitch l-and-9, and con- 
nected three-parallel with short 
jumpers. There were twelve groups 
of six coils in series per group. 

In checking the possibility of re- 
connecting, the series - connection 
volts per phase for the same wind- 
ing on three-phase, was figured first. 
This would be (0.955+0.905) xX220 
<3x2+3, which equals 464.2 volts. 
In other words, if this motor were 
reconnected series-delta the three- 
phase line voltage would have to be 
464.2. A two-parallel delta connec- 
tion could be used and the voltage 
would be 464.2+2 or 232.1 volts. 

In the above formula the value 
0.955 is the distribution factor for 
three-phase and 0.905 is the corre- 
sponding two-phase factor; 220 is 
the two-phase line voltage; the first 
3 is the number of parallel paths or 
circuits; 2 is the number of phases 
originally, and 3 is the final number 
of phases. 

But the line voltage is 220 volts. 
Operating at 232.1 volts the horse- 
power would also be increased in 
the ratio of 0.955 to 0.905. There- 
fore the horsepower at 232.1 volts 
three-phase would be 3.3... Drop- 
Se down to 220 volts the horse- 
power would decrease as the square 
of the voltage. - It: would théfefo 
be 57 hp. which is close eriough t 
60 hp. to give satisfaction. *.* 

By reconnecting ‘the stator to: two 
parallel delta with eighteen groups 
of four cojls:in,series per group the 
motor will operate As asnormal three- 
phase motor at 60_hp,. 

The current in the coils will be 
approximately the same as in the 
original winding. In the original 
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winding the line current was 79 amp. 
As there were three parallel paths 
per phase each path carried (79-3) 
amp. For a three-phase motor of 
the same horsepower and voltage 
the line current equals (the two- 
phase current X 2)+1.73. There- 
fore under these conditions the line 
current would be (79 X 2) + 1.78, 
which equals 91.3. But the current 
in each leg of a _ delta-connected 
winding equals line current ~ 1.73. 
In this case it equals (79X2~1.78) 
+1.73 which equals 79x2~+3. But 
as there are two parallel paths in 
each phase the current in each coil 
equals (79X2+3)+2 which equals 
79—3. This is the same current as 
flowed with the coils connected two- 
phase. 

The current actually might differ 
slightly from this because (1) the 
distribution. factor has been in- 
creased and (2) the motor is oper- 
ating slightly under voltage at 220 
volts. Increasing the distribution 
factor increases the efficiency in the 
same proportion and therefore the 
current at full load (60 hp.) at 232.1 
volts would be decreased as 0.905 is 
to 0.955. The current per coil would 
be (79 +3) X (0.905+0.955) which 
equals 24.95 amp. But as the volt- 
age is less than 232.1 the motor will 
take more current for a load of 60 
hp. It is reasonable to say that if 
the load is held at 60 hp. while the 
voltage is dropped from 232.1 to 
220, the current will increase about 
in the proportion of 232.1 to 220. 
Therefore the current will be 
24.95 23.21+220 which equals 26.3 
amp., which is the same as before the 
change. 

’ By removing all the jumpers and 
regrouping the winding as shown in 
the lower part of the accompanying 
drawing the extra phase insulation 
between groups was preserved in all 
except six places. This final group- 


ing resulted in only one phase coil 
between two groups, but this is suf- 
ficient for 220-volt operation. The 
six groups which required the addi- 
tion of phase insulation are indi- 
cated by the arrows in the drawing. 
A. C. Roe. 


Detroit, Mich. 
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Babbitt and Other 


Hanger Bearings 
(Continued from page 231) 


instead of a rigid support. This pre- 
vents breakage in case of misalign- 
ment. However, as a result, the 
shafting alignment is often neg- 
lected until the friction loss is heavy, 
in some cases using half of the full- 
load power consumption to drive the 
shaft alone. 


USE OF ROLLER AND BALL BEARINGS 
FOR POWER TRANSMISSION 


Several manufacturers of ball and 
roller bearings have adopted them 
for use in lineshaft hangers. In 
most cases the manufacturers have 
designed special bearings of . differ- 
ent types, each adapted to fit into a 
standard type of shaft hanger and 
simply replace the bearings which 
had been used. This enables the 
change-over in an installation to be 
made at low cost. Of these, roller 
bearings are split and so are the 
easiest to install. Ball bearings must 
be slipped on over the end of the 
shaft and in cases where flanged 
couplings or solid pulleys are used, 
or where the shaft is cut and 
scratched by set screws, their instal- 
lation is more difficult. 

Where two sets of ball bearings 
ure used in each bearing box the 
bearing is ordinarily known as the 
dumbbell pattern because of its 
shape. These are made by the 
manufacturer in various types each 
with slight alterations of the outside 
casing so that they will fit in any 
of the standard types of shaft hang- 
ers. Where one set of self-aligning 
ball bearings is used, a special shaft 
hanger is used in connection with 
it as it would be more difficult to 
fasten this in to the ordinary two- or 
four-point adjustment hanger. 

The manufacturers of these vari- 
ous types of equipment show inter- 
esting figures as to the savings made 
by their installations. In addition to 
the decreased friction loss due to 


An installation of ball-bearing 
hangers in a light manufacturing 
plant. 


Some of the advantages claimed for 
ball bearings in power transmission 
lines are: Freedom from shut-downs 
and production losses, a decreased fric- 
tion loss, better lubrication and lower 
maintenance costs. 








the better types of bearings, an- 
other important advantage is that 
they require considerably less at- 
tention for oiling, as it is sufficient 
to inspect them and change the oil 
two to four times a year, whereas 
other types of bearings should re- 
ceive attention almost every day. As 
an occasional bearing is apt: to be 
overlooked or neglected during the 
daily oiling operation, the ball- or 
roller-bearing ‘types, due to the less 
frequent oiling periods, have an ad- 
vantage in this respect and are less 
likely to cause trouble from that 
cause. The savings which may be 
made in many cases depend to a 
large extent upon the condition in 





Another type of roller bearing for 
use in shaft hanger. 


This type of bearing is made with a 
single roller structure for use on line- 
and countershafts and with a double 
roller structure for heavy-duty bear- 
ing boxes, such as on main- or jack- 
shafts and with heavy belt pulls. These 
bearings are split and consist of three 
integral parts—the housing, the re- 
tainer and the high-carbon steel sleeve. 
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which the shaft was before the 
change was made. A shaft in very 
bad condition could be improved by 
re-aligning alone. 


Epitor’s Nore: Special acknowl- 
edgment is made to the following 
companies for assistance in furnishing 
information, data and illustrations for 
this and the other articles which ap- 
pear on this subject: Allis-Chalmers 
Mfg. Co., Milwaukee, Wis.; American 
Pulley Co., Philadelphia, Pa.; Bond 
Foundry & Machine Co., Manheim, Pa.; 
H. W. Caldwell & Son Co., Chicago, 
Ill.; W. E. Caldwell Co., Louisville, Ky.; 
Chicago Pulley & Shafting Co., Chi- 
cago, Ill.; Dodge Manufacturing Co., 
Mishawaka, Ind.; The Fafnir Bearing 
Co., New Britain, Conn.; Falls Clutch 
& Machinery Co., Cuyahoga Falls, 
Ohio; Gund Manufacturing Co., La 
Crosse, Wis.; The Hill Clutch and Foun- 
dry Co., Cleveland, Ohio; Hyatt Roller 
Bearing Co., Newark, N. J.; W. A. 
Jones Foundry & Machine Co., Chi- 
cago, Ill.; Link-Belt Co., Chicago, IIl.; 
Medart Co., St. Louis, Mo.; Midwest 
Steel & Supply Co., Inc., New York, 
N. Y.; Royersford Foundry & Machine 
Co., Philadelphia, Pa.; Winfield H. 
Smith, Buffalo, N. Y.; Standard Pressed 
Steel Co., Jenkinstown, Pa.; The Skayef 
Ball Bearing Co., New York, N. Y.; The 
Transmission Ball Bearing Co., Buffalo, 
N. Y.; Weller Manufacturing Co., Chi- 
eago, Ill.; T. B. Wood’s Sons Co., 
Chambersburg, Pa. 





Changing Housings 
for Ball Bearings 


(Continued from page 219) 


However, it seems there are still 
points worthy of improvement. I 
will outline those which have oc- 
curred to us. 


TROUBLES THAT MAY DEVELOP AND 
How THEY CAN BE CORRECTED 


Under the exceptionally severe 
hammering due to unbalanced load, 
the outer ball race may eventually 
wear into the cast-iron end bell. The 
exceptionally large oversize bear- 
ings and the cushioning effect of the 
grease packing have so far pre- 
vented this in our motors (three 
years’ service on the oldest one) but 
if this wear does take place, it will 
become more and more rapid as the 
clearance increases. In this case, I 
would suggest altering the design to 
clamp the outer race, somewhat as 
the inner race is clamped on the 
shaft on the end opposite to the pul- 
ley end, and a change from ball 
bearings to some type of roller bear- 
ings, such as the Hoffman which are 
manufactured in sizes interchange- 
able with standard ball bearings. 
Perhaps ball bearings would give 
satisfactory life with the other race 
clamped in one position, especially 
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considering the greatly oversized 
bearings which we have applied, but 
it seems to be the concensus of opin- 
ion based on experience, that outer 
ball races should be free while roller 
bearing races with their greatly. in- 
creased area of contact may be sta- 
tionary if desired. 

As previously described we have 
incorporated a thoroughly effective 
method of taking the shock from the 
bearing when driving on a coupling 
or pinion. So far we pull our pin- 
ions off with a “screw and yoke” 
puller. However, this requires con- 
stant watchfulness and instruction 
of millwrights and electricians to 
avoid abuse of the ball bearings 
caused by removing the pinion by 
driving in a couple of cold chisels 
between the bearing housing and the 
coupling or pinion. This method of 
removing a pinion is rough, but 
quick and effective. Since a whole 
gang of men is idle when one ma- 
chine is out of service, time is a 
prime consideration. Actually we 
have removed couplings in this way. 
The oversize ball bearings stood the 
end thrust apparently without in- 
jury but this abuse of a plain radial 
type ball bearing is so flagrant that 
we do not recommend it for serious 
consideration. It would at first 
thought seem easy to apply, in a 
slightly modified form, the same de- 
sign to the pulley-end bearing that 
we are using at the opposite end to 
take the shock of driving a pinion 
on. Actually this is not so simple. 
It would scarcely be practicable to 
hold all the axial dimensions of the 
parts of the motor to such close lim- 
its that the whole assembly, includ- 
ing the oil-tight joint, would total 
within 0.002 in._to 0.004 in. Further- 
more the differences of expansion, as 
the motor warms up under load, be- 
tween the shaft and the stator and 
end bells are likely to exceed such a 
maximum. In our design these dif- 
ferences in axial dimensions of 
parts, different thickness of paper 
and shellac, grease-tight joint, dif- 
ference in expansion, and the like, 
are covered by a clearance of 0.125 
in. left at J, on pages 217 and 218. 

Now that we are equipped with 
patterns, gages and jigs for making 
the mechanical parts of these mo- 
tors, we have found several applica- 
tions where they are worth their 
necessarily high cost. In severe 


service on portable loading equip- 
ment in a coal storage yard at some 
distance from the main plant these 
sturdy motors which require greas- 
ing only once per year, reduce the 
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necessary trips of an oiler or. motor 
inspector from one per day to one 
per month. In gear drive applica- 
tions requiring a metal pinion they 
behave admirably. 

—_—_<——__—— 


Changing Single- 
Phase Motors 


(Continued from page 234) 


in the table on page 232 for the 
proper voltage and multiply it by 
0.57. Then multiply this answer by 
the circ. mil allowance given in Table 
I for the required horsepower rat- 
ing. In the case just figured (8.1 X 
57 X 600) equals 4.617 xX 600 or 
2,770.2, which is close enough. 

The next step is to find the coil 
pitch. This equals [1 and 1 + 
(48 + 4) X .8] equals (1 and1+ 12 
x .8) equals 1 and 10.6, or l-and-10. 

The method outlined above can be 
used in the same manner for two- 
phase machines. All unnecessary 
calculations have been eliminated, 
the purpose being to enable the av- 
erage electrician to develop a motor 
that will run and carry its rated load 
satisfactorily and with reasonable 
efficiency. 

The rotor can be used as it is, but 
see that all joints between end-rings 
and bars make good contact. The 
cutout switch used on the single- 
phase winding should be removed. 





Works of Eastman 
Kodak Company 


(Continued from page 215) 


for unloading and development. This 
routine originated the famous 
phrase: ‘You press the button, we 
do the rest.” This used a roll of 
paper film. In 1889 the present cel- 
lulose, transparent film base was 
realized. The kodak had created 
amateur photography for the world 
and the Eastman industry at Roches- 
ter was organized to take care of the 
demand created by its own inven- 
tions. 

But the industrial demands of the 
amateur were soon dwarfed by a 
new and unforeseen demand which 
had been created as a direct result 
of these film discoveries. Eastman’s 
achievements came at a time when 
Edison was in the midst of his mo- 
tion picture experiments. A trans- 
parent flexible film, combining good 
photographic quality with tensile 
strength was necessary to the suc- 
cess of the Edison invention. The 
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Eastman film filled the Edison need 


-and motion pictures were made pos- 


sible. It was not, however, until 
1895 that motion picture film was 
sold for other than experimental 
purposes. Today 15,000 motion pic- 
ture houses in the United States re- 
quire from sixty million to one hun- 
dred million feet of motion picture 
film at every performance. 

In 1880, under the firm name of 
George Eastman, was begun the 
manufacture of dry plates. In 1891, 
a year or two after the kodak and- 
film photography were born, a single 
building with 27,500 sq. ft. of floor 
space supplied the factory and office 
needs of the company. Today four 
large plants are maintained in Ro- 
chester alone, for the manufacture 
of various types of cameras, lenses, 
photographic papers and film. 

Kodak Park, the largest of these, 
is devoted exclusively to the manu- 
facture of film and other sensitized 
products. It is a tract of 230 acres 
situated in the northwesterly section 
of the city. The capacity of Kodak 
Park in motion picture film alone is 
approximately one hundred million 
feet per month or, roughly 225,000 
miles a year. About five million 
pounds of cotton are used annually 
in the manufacture of Eastman 
film, and for the sensitizing of East- 
man products over three tons of 
pure silver bullion, or one-twelfth of 
all the silver Mined in the United 
States are consumed every week. 
The thousands of tons of acids per 
month for nitrating this cotton and 
silver, are also manufactured at the 
Park, as are the raw papers, gela- 
tines, wood-paper and fibre boxes, 
cartons, tin containers, film spools 
and wood parts for cameras. 

The right arm of the photographic 
industry is the laboratory, and Ko- 
dak Park boasts one of the most 
completely equipped and best staffed 
laboratories in the industrial world. 
In addition to testing laboratories, 
X-ray rooms and studios, the build- 
ing is equipped with an independent 
plant for the manufacture of photo- 
graphic material.on such a scale that 
the results can be practically applied 
in the manufacturing departments. 
Here are also made photographic 
materials for scientific work for 
which, of course, there is little or no 
commercial demand. 

In addition to Kodak Park, three 
other plants in the city and a sixteen- 
story office building are required for 
the various activities of the com- 
pany. One of these plants is devoted 
to the manufacture of kodaks and 
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“Brownies,” another to studio, pro- 
fessional, aerial and laboratory pho- 
tographic equipment, and still an- 
other to the manufacture of lenses. 

In addition to these, plants are 
maintained in Toronto, 
Harrow, England; Melbourne, Au- 
stralia; and distributing branches 
in all the more important countries. 





Improving Wiring 
Around Machinery 
(Continued from page 224) 


The National Electrical Code 
states that all wires larger than 
No. 6 gage should be stranded. How- 
ever, for industrial work it will be 
found preferable to have all wires 
stranded where there is a possibility 
of vibration. Quite a number of 
large works use stranded wire ex- 
clusively for light and power wiring 


and use nothing smaller than No. 12. 


for this service. Since varnished- 
cambric insulated wire has about 20 
per cent more carrying capacity 
than rubber-covered, it is being 
widely used in locations that are 
permanently dry. In places where 
there is a possibility of dampness, 
rubber-covered wire should be used. 
In locations that are excessively hot, 
flame-proof, asbestos-covered or 
slow-burning insulated wire should 
be used, since rubber insulation will 
not withstand the effects of high 
temperature or oil. In a perma- 
nently damp or wet location a lead- 
sheath cable must be used. 

The value of inclosing various 
pieces of equipment has _ been 
pointed out both from the stand- 
point of safety and continuity of op- 
eration. One thing should be re- 
membered however about inclosing- 
cabinets. If they are used, they 
should be locked, for otherwise un- 
authorized persons will open them, 
or they will be left open, thus de- 
stroying their effectiveness. Lock- 
ing them also prevents the operator 
from using them as a convenient 
catch-all for lunch, clothing, tools or 
oily gloves. 

Wiring around machinery from 
the standpoints of convenience of 
operation, ease of construction, and 
cost will be discussed in a later issue. 

Epitor’s Note: Special acknowledg- 
ment is made to the Brunswick-Kroe- 
schell Co., Chicago, IIll., for some of the 
pictures which show the excellent wir- 
ing in its factory, and to C. V. Putnam 
of the Reliance Electric & Engineering 
Co., Cleveland, Ohio, ‘for suggestions 


and assistance in obtaining. many of 
the illustrations used. . 
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Practical Books 
For Your Personal Library 


Every man who aspires to larger responsibilities should build up a pro- 
fessional library. Copies of these books may be obtained from the 
publishers mentioned. 

















The Story of Bakelite—By John Kim- 
berly Mumford. Published by Rob- 
ert L. Stillson Company, 461 Eighth 
Avenue, New York, N. Y., 80 pages, 
illustrated. 


This book tells in an _ interesting, 
rather than a scientific way, some of 
the story of the discovery, manufac- 
ture and application of Bakelite to the 
many and various applications in the 
arts and industries, in commerce and 


in warfare. 
* * *% 


Principles of Alternating Currents—By 
Robert R. Lawrence, associate pro- 
fessor of electrical engineering, Mas- 
sachusetts. Institute of Technology. 
Published by the McGraw-Hill Book 
Company, Inc., 370 Seventh Avenue, 
New York City. First edition, 432 
pages, price $4. 

This book was. written to be used as 

a college textbook and treats the sub- 

ject in a thorough but theoretical and 

technical manner. 


* * * *% 


Principles of Electric Motors and Con- 
trol—By Gordon Fox, electrical en- 
gineer, Freyn, Brassert & Company, 
member A. I. S. E. E., member 
A. I. E. E. Published by McGraw- 
Hill Book Company, 370 Seventh 
Avenue, New York City, 492 pages, 
price, $3.50. 


In this book is given a clear practical 
treatment of the principles, construc- 
tion and performance of _ electric 
motors and controllers for those inter- 
ested in the selection, application, pur- 
chase and operation of such equipment. 

Most existing texts dealing with elec- 
tric motors and controllers treat the 
subject primarily from the design view- 
point. This book tells the entire story 
of motor and control equipment from 
the point of view of the user. The au- 
thor from his many years of experience 
as an electrical engineer in industrial 
fields, and especially from his close 
connection with the electrical side of 
the steel industry is particularly fit- 
ted to write on the subject from this 
viewpoint. 

Very simple, easy-to-understand ex- 
planations are given of the underlying 
principles governing the action of both 
d. c. and a. c. motors. The character- 
istics of each type of motor are ex- 
plained as well as the reasons for the 
differences in characteristics. The in- 
dustrial applications of each type of 
motor are shown in such a manner as 
to make easy an intelligent applica- 
tion of the different types to the job 
in hand. 

Controllers are treated in detail from 
the simple manual controller to the 
complicated crane hoist automatic con- 
trol using dynamic. braking. Such top- 
ics as plugging, dynamic braking, 
regeneration and jam resistors are dis- 
cussed in detail. Ten pages are de- 





voted to the determination of the total 
amount and number of steps required 
for the starting and accelerating resist- 
ance of a motor. 

The book is profusely illustrated with 
pictures of the various kinds of equip- 
ment, diagrams showing how the ap- 
paratus works, curves giving the char- 
acteristics and complete connection 
diagrams showing how to connect up 
the various motors and controllers. Se- 
quence and simplified schematic dia- 
grams are also given for the more 
complicated automatic controllers, 
showing the sequence of contactors and 
the function of each in the operation of 
the controller as a unit. 

Three chapters that are of particular 
interest are’those on the operation of 
motors in parallel and series, on the. 
use of flywheels in the application of 
electric power, and on electric motor 
braking. : 

% %* %* * 


Mechanics of the Gasoline Engine—By 
H. A. Huebotter, M. E., Member 
S.A.E. Published by McGraw-Hill 
Book Company, 370 Seventh avenue, 
New York: City, 313 pages, price 
$4.00. 

In this book the principles of the me- 
chanics of materials are applied to the 
solution of general problems of gaso- 
line engine design in such a way as to 
illustrate the procedure and simplify 
the work for specific cases. Represen- 
tative units of engines of various kinds 
are illustrated and in many cases an- 


alyzed. 
% * + %* 


Pulverized and Colloidal Fuel—By J. 
Y. Dunn, Consulting Chemist, New- 
castle-Upon-Tyne, England, pub- 
lished by The Van Nostrand Com- 
pany, 8 Warren Street, New York 
City. 193 pages illustrated, price $6. 


Reference is made in the introduc- 
tion of this book to the use of powdered 
fuel in America and in France and the 
statement made that England has been 
relatively slow in adopting it. The 
book contains a review of the use of 
powdered fuel, accompanied by descrip- 
tions of the different processes for pre- 
paring it and the general conditions 
surrounding combustion and furnace 
operation. Frequent reference is made 
to articles in the Journal of the Amer- 
ican Society of Mechanical Engineers, 
the Engineer and Engineering of Lon- 
don, the General Electric Review, Pro- 
ceedings of the Engineering Society of 
Pennsylvania and to other published 
literature on the subject. Credit is also 
given to the following companies for 
furnishing information: The Powdered 
Fuel Plant Company, the Fuller Engi- 
neering Company, the Raymond Bros. 
Engineering Company, the Sturtevant 
Engineering Company, the Underfeed 
Stoker Company, Messrs. Simon-Carves 
and to Lindon W. L. Bates on the sub- 
ject of colloidal fuel. 
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Lewellen Manufacturing Company, 
Columbus, Ind.—Bulletin 250 is a 
supplementary catalog covering the 
automatic and hand-operated remote 
control, Lewellen variable-speed 
transmission devices. Several instal- 
lations are illustrated and described. 


The Obenchain-Boyer Company, Log- 
ansport, Ind.—A series of bulletins 
describes the several types of Boyer 
fire apparatus for industrial and 
small town fire protection. Some of 
the various pieces of equipment il- 
lustrated and described are: 45-gal. 
single- and double-tank, portable, 
hand-drawn, chemical fire engines, 
and several types of complete fire 
apparatus with triple combination of 
pumping engine, chemical tank and 
hose equipment, together with lad- 
ders, lanterns and portable 2% gal. 
chemical extinguishers and other 
necessary apparatus mounted on 
Ford trucks and other chassis. 


Carr Fastener Company, Boston, 39, 
Mass.—A bulletin entitled “Better 
Lubrication for All Machinery” il- 
lustrates the construction of. the Dot 
high-pressure lubricator and its ap- 
plication to the lubrication of vari- 
ous types of machinery. With this, 
grease or oil are forced into a bear- 
ing under high pressure created by 
screwing down on a cylinder. 

The Republic Rubber Corp., Youngs- 
town, Ohio.—A 32-page booklet shows 
a number of installations of Republic 
rubber- and friction-surfaced canvas 
belts for conveyor and power trans- 
mission purposes. Some of the top- 
ics discussed are: Points to be con- 
sidered in the purchase of conveyor 
belting, care of conveyor belts, oil- 
well belts, elevator belting, splicing 
belts, condition and care of belting, 
and rules for making belting calcula- 
tions. 

The Thompson Electric Company, 226 
St. Clair Avenue, Cleveland, Ohio— 
A small folder entitled, “The Lamp- 
Cleaner’s Helper,” describes the dis- 
connecting hanger of the underslung 
model which is used to lower over- 
head lamps so that they may be 
cleaned easily, and more frequently. 


Eldredge Solenoid Manufacturing Com- 
pany, Springfield, Mass.—A new bul- 
letin describes the Eldredge solenoid 
relays which are used for automatic- 
ally controlling and lighting safety 
traffic lamps from the main power 
station simultaneously with the series 
street lights. 

The William Cramp and Sons Ship 

and Engine Building Company, Phila- 

delphia, Pa—Folders_ describe 

Cramp’s babbitt metals which are 

made in several grades of tin-base 

babbitts. Other folders describe 


cored bars for bushings which are 
furnished either in Parson’s white 
brass or in Cramp’s special bearing 
bronze. 





DeLaval 


Chicago Belting Company, 110 North 


Green Street, Chicago, Ill.—Every in- 
dustrial man having supervision of 
the installation and maintenance of 
the factory belting will find the 32- 
page booklet, “Making Leather Belts 
Endless,” very useful in suggesting 
what the belt manufacturer has 
found the most satisfactory method 
of cementing the ends of the belt on 
the job instead of lacing. This con- 
tains not only a description and list 
of the tools and material required for 
this work but also shows by repro- 
ductions of photographs and sketches 
exactly how these tools are to be 
used. In describing the various ce- 
ments, as with the tools, particular 
stress is laid on when, where and 
how each is to be used. 


Westinghouse Electric and Manufac- 


turing Company, East Pittsburgh, 
Pa.—A small booklet entitled “Elec- 
tric Heat” takes up industrial appli- 
cations of electric heat and shows 
how it has been applied in an auto- 
mobile factory, for japanning, for 
preventing water tanks from freez- 
ing, for core baking ovens, and as 
space heaters. This is issued as a 
serial publication occasionally and 
anyone desiring it may be put on the 
mailing list. 

Steam Turbine Company, 
Trenton, N. J.—Catalog D describes 
the construction and operation of 
centrifugal pumps and shows a num- 
ber of their uses. A pamphlet en- 
titled “Tests on Motor-Driven 
Pumps” shows the results of several 
tests made on motor-driven centri- 
fugal pumps in different locations 
and under various operating condi- 
tions. 


New Departure Manufacturing Com- 


pany, Bristol, Conn.—A number of 
bulletins on New Departure ball 
bearings and their universal applica- 
tion which contain special engineer- 
ing information are issued at fre- 
quent intervals to show practical 
mountings for New Departure ball 
bearings and to aid in securing cor- 
rect installations, operating efficiency 
and economical service. A _ recent 
bul'etin, for example, No. 13-FE, is 
entitled “Ball Bearing Mounting 
Practice.” 


Buffalo Wire Works Company, 316-332 


Terrance Avenue, Buffalo, N. Y.— 
Folder 68 illustrates the various wire 
and_ sheet-metal lockers manufac- 
tured for use in factories, schools and 
other places having large numbers 
of employees. 


H.-C. Grohn and Sons, 6248 South 


Sangamon Street, Chicago, Il.—Lit- 
erature describes the “Grohn Electro 
Heatometer” which is an open-circuit 
signal system to automatically reg- 
ister on an annunciator or by the 
ringing of a bell, any rise in tem- 
perature above a desired point. The 
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instrument has a wide range of ad- 
justment, ranging from 0 to 1,800 
degrees and can be applied to indi- 
cate heating in bearings, over-heat- 
ing of motors or generators, heating 
in coal piles or in closed rooms where 
perishable material or explosives are 
stored, and for indicating the maxi- 
mum permissible temperature in dry 
kilns, bake ovens, or other processing 
operations. 


The Martindale Electric Company, 
11709 Detroit Avenue, Cleveland, 
Ohio—A_ folder entitled “Imperial” 
commutator stones gives directions 
for ordering, standard sizes, the ten 
“Imperial” commandments, advan- 
tages of using “Iniperial” commuta- 
tor stones and directions for using 
“Imperial” commutator stones. 


Truscon Steel Company, Detroit, Mich. 
—The “Truscon metal lath data 
book” gives specifications, details, 
tables and practical information on 
Trucson “Hy-Rib” metal lath and 
shows how it can be used for parti- 
tions, ceilings and walls, roofs and 
floors for new construction and addi- 
tions to industrial buildings. 


Acme Electric Heating Company, 1217 
Washington Street, Boston, Mass.— 
The Acme melting ladle is used to 
keep babbitt, tin, lead, solder and 
other similar metals in liquid state 
by a non-oxidizing electric heating 
unit built into the ladle. The unit is 
portable and is connected by a de- 
tachable three-heat plug. The ladle 
is mounted with right and left-hand 
pouring spouts. 


American Pipe Bending Machine Com- 
pany, 3739 Pearl Street, Boston, 
Mass.—A group of circulars de- 
scribes the use ‘of the Wonder pipe, 
tubing, and solid-bar benders which 
are used for bending pipe or bars 
cold. The hand-operated machine 
will bend pipe from the smaller sizes 
up to about 4 in., while the motor- 
operated machines will handle pipe 
up to 8 in. in diameter. Some of 
these sizes will bend cold bars up to 
3 in. in diameter. These machines 
will bend the pipe cold to a right 
angle bend in either standard weight 
or thin-gaged material without 
crushing or weakening. Circulars 
show what sizes of pipe may be 
handled by each of the models and 
tr the radius to which they may be 

ent. 


Glow-Brite Company, 1006 Rockefeller 
Building, Cleveland, Ohio—A circu- 
lar describes the use of Glow-Brite, 
which is a special preparation for 
cleaning skylights and side windows. 
It is claimed that it will remove the 
oldest and hardest accumulations of 
dirt, grime, carbon or rust scale with- 
out injury to paint, putty or sash. 


Foamite-Childs Corporation, Turner 
Street, Utica, N. Y.—A sixteen-page 

* booklet entitled, “The Essentials of 
Self-Protection Against Fire,” dis- 
cusses the various classes of fires 
and the types of extinguishers and 
shows by a table the various charac- 
teristics of different types of fire ex- 
tinguishers and the solutions which 
they contain. This table discusses 
the use of foam, soda-and-acid, anti- 
freezing (calcium-chloride), and tet- 
rachloride fire extinguishers and 
shows to which type of fire each is 
best adapted. 






